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COMMOK THINGS — AIR. 

— 28. Carbonic acid in efferyefidng liquors. — 29. Is generated in all 
spontaneous changes of dead matter. — 80. Choke-damp. — 81. Is dif- 
fiised throngh the atmosphere. — 32. Evolved in respiration. — 88. 
Vital air. — 34. Air poisoned in crowded rooms. — 86. Necessil^ of 
ventilation. — 86. Air not absolutely transparent or colourless. 

1. Of all oommon things, air is the most common. No space or 
place is accessible to us tiliat is not filled with it. It is of all 
material wants that which is most incessantly indispensable to 
our existence. Food is an occasional want, an intermitting supply 
is all that is needed. Clothing may in certain cases be dispensed 
with, and habit may inure us to a deficiency of it. The want of 
-^armth must be extreme to become fatal. But the privation of 
air, even for a brief interval, is attended with instant and certain 
death. 

Unlike other natural wants, our consumption of air is not volun- 
tary. The action of the lungs is like the oscillation^ of a pendu- 
lum. It is incessant, sleeping or waking, in sickness or in health ; 
sitting, standing, or moving, it is maintained with a regularity 
and continuity quite independent of the will. Its suspensioil is 
the suspension of life. 

Must we not then be prompted by a natural and irresistible 
curiosity to obtain some acquaintance with a physical agent so 
universal, so omnipresent, and so indispensable to our vitality P 

2. Air is the transparent, colourless, invisible, light, and atte- 
nuated fluid with which we are always surrounded. It is drawn 
into our lungs by the action called suction, and after remaining a 
moment there, is forced out through the mouth and nose by the 
muscular compression of the chest. This alternate action, by 
which the air enters and leaves the lungs, is called respiration. 
During the moment it remains in the lungs, it undergoes a certain 
change, which we shall presently explain, in consequence of which, 
when expired, it is not the same as that which was inspired. The 
effect produced on the blood by this change is essential to the 
maintenance of life. 

The air which, thus changed, is expired, is imfit for respiration. 
If, therefore, the same air be taken several times successively into 
the* lungs, death must ensue. 

3. The air around us, therefore, requires to be continually 
changed, that which we expire being carried away and replaced 
by fresh and pure air. 

4. The apparent lightness of air, this freedom with which we 
move through it, and its invisibility, led the ancients to imagine 
that it was imsubstantial and immaterial, and hence the disem- 
bodied souls of the dead came to be called apiritSf irom the word 
8piariba8y which signifies air. 



WEIGHT OP AIR. 

5. It is a great mistake, however, to imagine that air is desti- 
tute of weight, that quality which is inseparable from whatever 
is material. Light it undoubtedly is, but only by comparison. 
Bulk for bulk, it is lighter than stone, earth, or water, or any. 
other substance in the solid or liquid state. But light as it is, it 
has a certain definite weight, and a quantity of it can be assigned 
which will weigh many tons. The pressure produced by its weight 
is under certain assignable circumstances quite enormous, and 
when it is moved with a certain velocity its force is so irresistible 
that trees are torn by it from their roots, the most solid buildings, 
overturned and reduced to ruins, and devastation spread over vast 
tracts of country. 

Nothing can be easier than to show practically that air has 
weight, and what that weight is. 

6. If a glass flask, having the capacity of a cubic foot, be pro- 
vided with a proper neck, furnished with a stop-cock, we shall be 
able, by means of a well-oonstructed syringe, to extract from it 
the air which it contains, and by closing the stop-cock, and 
detaching the syringe, we shall have the flask void of air. Let it 
be weighed in ^at state in a good balance. Let the stop-cock be 
then opened so as to admit the air to fill the flask, and let it then 
be weighed again. It will be found to weigh 1*291 oz. or 564*8 
grains more than it did when void of air. 

It follows therefore that a oubio foot of air weighs 564*8 grains. 

Since the weight of a cubic foot of water is 997*125 oz., it 
follows that, bulk for bulk, water is heavier than air in the pro- 
portion of 997*125 to 1-291, that is, of 772 J to 1. 

Since thirty-six cubic feet of water weighs a ton, it follows that 
772^ times thirty-six cubic feet of air also weighs a ton. 

It appears, therefore, that 27810 cubic feet of air will weigh 
a ton. 

7. When it is considered that the mass of air which taken 
ooUeotively is called the athosphebe, extends above us to the 
height of more than fifty miles, it will easily be imagined that 
the weight with which it presses on the surface of every object 
exposed to it, must be very considerable. If, for example, we 
take a square inch of level surface, it is clear that that square 
inch must bear the weight of a column of air extending from 
that surface to the top of the atmosphere. It has been ascer- 
tained by experiments, susceptible of the greatest precision, 
(which we shall explain on another occasion) that this pressure 
or weight amounts to about 15lbs., and that it is subject, from 
time to time, to a variation not exceeding three quiurters of a 
pound. 

8. It is a well known property of fluids, that any pressure which 
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they exert, acts equally in all possible direotionB. Thus, if any 
body be let down into the sea, tiie weight of the water, which is 
above it, will press equally on its top, bottom, and sides. It is 
Tery easy to demonstrate tliis by a simple experiment. 

Let several empty bottles be carefully corked, and being loaded 
with weights so as to sink in the water, the neck of one being 
presented upwards, that of another downwards, another horizontal, 
and the others oblique in various degrees, it will be found that 
when they have been sunk to a certain depth, the corks will 
be all forced into the bottles by the pressure of the surrounding 
water, with which the bottles wiU be immediately fiUed, and 
this will take place equally, and at the same time, with all the 
bottles, in whatever directions the corks may be presented to the 
water. 

It is evident, therefore, that the pressure produced by the weight 
of the incumbent column of water at any given depth is equally 
propagated in all direotions, and that a body, a fish for example, 
or the body of a diver, sustains that pressure, not downwards 
only, or on the upper surface of the body as might be at first 
imagined, but equally on the under surface, the sides, and, in 
a word, on every part of the body in contact with the water. 

Now this equal transmission or propagation of pressure in all 
directions, is not an exclusive property of water, but is common 
to all substances whatever in the fluid state. Air possesses 
fluidity in even a greater degree, if possible, than water, being 
more freely mobile, and air accordingly transmits freely and 
without diminution in all directions whatever any pressure 
which it receives. The stratum of air in whicli we live is under 
the pressure, as has just been stated, of the incumbent column 
of air extending upwards to the limits of the atmosphere, this 
pressure amounting to 15 lbs. on each square inch. A body, 
therefore, exposed to the contact of this air is subject at all parts 
of its surface, upper, under, and lateral, to this pressure ; and the 
total amount of the pressure by which it is affected will be expressed 
in pounds weight by the number obtained by multiplying the 
number of square inches in its entire surface by 15. 

The body of a man of average size has a sur&ce of abaut 2000 
square inches. The total pressure which it sustains from the 
surrounding air is therefore 15 X 2000, or 30000 lbs., or nearly 
fourteen tons I 

9. It may seem wonderfal that a force so enormous, acting on 
all parts of the surface of the body, should not crush it and 
actually destroy its delicately constructed organs. This, however, 
is prevented by the perfect equilibrium of pressure outwards and 
inwards, produced by the property of fluids just explained, in 
4 
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Yirtue of which they transmit freely, and imdiminished, ttie 
pressure in all directions. The fluids which fill the entire vascular 
system are exposed, as well as the surface of the body, to the 
pressure of the atmosphere, which enters the lungs and all the 
cavities and open parts of the organs. These fluids transmit that 
pressure to all the inner parts of the body, so that the skin and 
integuments are pressed by them outwards by a force exactly 
equal to that with which the air presses the external surface of the 
skin inwards. These outward and inward pressures are neces- 
sarily always equal, because, in fact, they are one and the same 
pressure, i.e., that of the air, the pressure on the external surface 
acting inwards, being the immediate action of the air, and the 
pressure of the internal fluids acting outwards being the same 
pressure of the air transmitted by those fluids to the inside of the 
skin and integxuoients. 

10. That this outward pressure, transmitted by the fluids which 
flU the organs under the skin, is really at all thnes in operation, 
and that it is only counteracted by the immediate pressure of the 
external air upon the skin, is rendered conspicuously manifest 
in the well-known surgical operation of cupping. In that pro- 
cess the open mouth of the cupping-glass being pressed upon the 
skin so as to exclude all communication with &e external air, 
the air within the cup is withdrawn, or partially withdrawn, by 
means of a syringe attached to the glass. The moment the skin 
within the glass is relieved from even a small part of the pressure 
of the external air by this means, the outward pressure of the 
fluids under the skin begins to take effect, being no longer resisted ; 
it swells up the skin within the glass, and when the skin thus 
dilated is punctured with the lancet, the blood is propelled from 
it by the force of the pressure of the fluids under the skin acting 
outwards. 

11. The free transmission of pressure in all directions is a pro- 
perty which air has in common with water and other liquids. It 
has, however, another quality eminently characteristic, which is 
not found in liquids, or any other form of matter. The property 
we refer to is unlimited compressibility. 

Let a tube A b (fig. 1) be provided, open at one end A, and closed 
at the other b, and let a soHd plug p be made to fit it air-tight. 
Let an opening, governed by a stop-cock, be provided at c. When 
the plug is inserted at A, the air inclosed by it in the tube will be 
in its natural state, provided the stop-cock be open, and the 
plug will be pressed upon it by the amount of the atmospheric 
pressure. If we suppose the plug to have the magnitude of a 
square inch, this pressure will be fifteen pounds. 

The stop-cock c being closed, let the plug p be pressed down 
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with a force of fifteen pounds. If the tube were filled with water 
instead of air, the ping would in that case maintain its position, 
for the water would not yield in any degree to the pressure. 
But the case is quite otherwise with air. 
The moment the pressure is applied, the 
plug will descend in the tube, squeezing or 
compressing the air into a less spa/oe, and it 
will continue to descend untiL the air is 
compressed half its original bulk. There 
the compression will cease, and the plug ^ 
will remain at half its original distance 
from the bottom b of the tube, as in &g. 2. 
Thus, if the original height of the plug 
p aboye the bottom of the tube were twelye 
inches, the plug being pressed downwards 
only by the atmospheric pressure, that is, 
by 15 lbs., its height, when pressed by 
15 lbs. more, that is, by 30 lbs. in all, will 
be six inches. The air, which is compressed 
into twelve inches by 15 lbs., is therefore 
compressed into six inches by 30 lbs., the 
volume of the air being diminished in the 
exact proportion in which this compressing 
force is augmented. p 

This experiment may be carried farther 
with a like result. If the piston be forced 
down with a weight of 30 lbs., in addition 
to the atmospheric pressure, which is 15 lbs., ^ 
the whole compressing force will be 45 lbs. 
In this case, the compressing force being augmented 
in the proportion of three to one, the space into which 
the air is compressed will be decreased in the same 
ratio, and the plug p will descend to four inches from 
S HfeBiB the bottom b. 

In general, therefore, the space into which air will be squeezed 
by any force will be less in exactly the proportion in which the com- 
pressing force is increased, it being well understood, nevertheless, 
that the original pressure of the external air, amounting to 15 lbs. 
per square inch, is to be included in the compressing force. 

This property of Tinlimited and uniformly regular compres- 
Bibility is one of the essential aiid characteristic properties of air, 
being one in which no other form of matter participates. Liquids 
are in general, for all practical purposes, absolutely incompressible. 
Some solids are compressible in a certain slight degree, but not at 
all in the general and regular way in which air is compressible. 
6 
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12. Air has another diaracteristic and highly important quality^ 
called ELASTICITY, which, like its compressibility, is unlimited 
and uniform. 

Let lis suppose that the plug p in the tube A b, fig. 1, 
instead of beiiig pressed down, is drawn upwards, the 
tube being long enough to allow it aU the necessary play, 
as in fig. 3. If, in that case, water had filled the tube 
under the plug, a yoid space would remain between the 
surface of the water and the plug. In short, the ele- 
vation of the plug would be followed by no sensible 
change in the space occupied by the water. But when 
the tube contains air, Hie result is quite otherwise. In 
that case, when the plug is drawn upwards, the air 
which before filled the tube between the plug and the 
bottom now expands, and swells so as still to fill the 
increased space left open to it by the elevation of the 
plug, and this expansion will go on without any practical 
limit to whatever height the plug may be elevated. 

This capability of swelling without limit into aug- 
mented dimensions when relieved from the conditions 
which confine it is called elasticity. Like compeessi- 
BiLiTY, it is a characteristic property in which no other 
form of matter participates. Liquids are for all practical 
purposes inelastic. Some solid bodies possess a certain 
elasticity, but not at all identical in its character or laws 
with the elasticity of air above described. 

13. It has been explained that air in its common state 
exercises a pressure of 15 lbs. on each square inch of 
surface with which it is in contact. It exercises this 
pressure equally whether it is in communication with 
the external atmosphere or not. In the case of the tube 
A B and plug p, the air in the tube, before the introduc- 
tion of the plug, pressed on the surface of the tube with 
a force of 15 lbs. per square inch, because it sustained 
that pressure from the incumbent weight of the atmo- 
sphere, and transmitted that pressure freely and undimin- 
ished to the inner surface of the tube. But when the plug 
is introduced, all communication with the external air^ 
is cut off, and nevertheless the included air still presses on the 
surface of the tube with the same force. As this pressure cannot 
arise fr^m the incumbent weight of the external air, all com- 
munication with which is intercepted by the piston, it is due 
altogether to the elasticity of the air confined within the tube. 

The piston inserted in the tube in this case is therefore subject 
to the action of two equal forces. The weight of the external air 

r 



COMMON THINGS — ^AIE. 

presses it dtmmwarda with a force of 15 lbs., and the slashcitt of 
the air confined within the tube presses it upwarda with an eqtzal 
force of 15 lbs. The piston is thus held in equilibrium, having 
no tendency either to rise or fall in the tube. 

Indeed, the very fact that the piston inserted in the tube A B 
has no tendency to descend into it, and to compress the air under 
it, although it is urged downwards by the air aboye it with a force 
of 15 lbs., proves that the air below it must urge it upwards by a 
force exactiy equal ; since, if it were urged upwards by any less 
force, it would be pressed down by this ezoess of the force of the 
external air, and if it were urged upwards by any greater force 
than 15 lbs., it woidd ascend with the excess of this upward force. 

Air, therefore, in its natural and usual state, has an elastic force 
of 15 lbs. per square inch, so that when it is shut up in any vessel 
or other envelope, and cut off from all communication with the 
external air, it will press on every square inch of the iimer Bux&oe 
of such envelope with a force of 15 lbs. 

14. This elastic force increases in the same proportion as the 
space in which the air is confined is diminished by compression, 
and it decreases in the same proportion as the space into which it 
is allowed to expand is increased. Thus, if we suppose that when 
the air fills twelve inches of the tube A b, fig. 1, it has an elastio 
force of 15 lbs., it will have an elastic force of 30 lbs. when it fills 
six inches of the tube ; 45 lbs. when it fills four inches ; 60 lbs. 
when it fills three inches, and so on. And in like manner when 
it is allowed to expand so as to fill twenty-four inches, its elastio 
force will be reduced to 7^ lbs. ; when it expands to thirty-sis 
inches, the elastic force will only be 5 lbs., and so on. 

15. The stratum of air which rests on the surface of the earth, 
and in which the organised tribes that inhabit the earth live, 
derives its pressure, elasticity, and density from the weight of the 
whole mass of the atmosphere which rests upon it. Jt must, there- 
fore, be evident, that if \^e ascend to greater elevations, leaving 
below us a certain stratum of the atmosphere, and having above 
us a proportionally less quantity of air, the weight of the incum- 
bent air being less, the pressure, elasticity, and density of the 
stratum which surrounds us will be proportionally less. And we 
find this actually to be the case. At great heights on mountain 
chains, such as the Pyrenees or the Alps, the air is very sensibly 
rarefied. It is lighter, and exercises a much less pressure. In 
like manner, persons who ascend to great elevations in balloons find 
much inconvenience from the thinness of the air. The fluids 
confined withia the body axe much less resisted, certain organs 
become dilated, and the effect of a cupping-glass is occasionally pro- 
duced, attended with bleeding at the nose, and singing in the ears. 
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16. The ancients imagined that air was a simple substance which 
entered more or less into the composition of bodies in general, anJ 
hence they called it one of th^ elements ; the others being in their 
theory of physics-, water, earth, and fire. Better informed now, 
we "know that neither air, water, nor earth, are simple or ele- 
mentary substances, and that fire is not a substance at all, but a 
physioal effect due to the sudden and large production of heat 
which attends the chemical combination of certain substances. 
Thus the ancient elements are not elements at all. 

But to return to air, the more immediate object of our attention 
at present. 

17. Air — meaning by that term the air of the atmosphere, the 
air we breathe, the air through which we behold the firmament, 
the air whose currents carry our commerce oyer the ocean from 
land to land — is a compound or mixture made up of two extremely 
different kinds of air. 

18. As there are many sorts of air haying extremely different 
qualities and properties, although they are alike in appearance, 
being all inyisible, transparent, colourless, light, compressible, and 
elastic, it has been found conyenient to call them by the general 
name gas (deriyed from the Saxon word gast), and to limit the 
application of the term "air" to that particular compound or 
mixture of gases which constitutes the atmosphere. 

19. The erroneous notion that air was a simple and elementary 
substance preyailed until the close of the last century, when 
Layoisier, the celebrated French philosopher, who was one of the 
most illustrious of the founders of modem chemistry, showed that 
it was a mixture of two different gases in definite proportions, 
called oxygen, and azote or nitrogen. 

A hundred cubic inches of air is a mixture consisting of 80 
cubic inches of azote, and 20 of oxygen. The result of the most 
exact analyses differs from this proportion by a minute fraction, 
which, though not unimportant in certain respects, need not here 
embarrass the reader, who will do well to fix in his memory this 
proportion of 80 to 20. 

There are many ways in which this constitution of atmospheric 
air may be made manifest, some of which, howeyer, inyolye prin- 
ciples which would not be comprehended without a more extensiye 
knowledge of chemistry than is expected from our readers in 
general. The following demonstration will, howeyer, it is hoped, 
be understood without difficulty. 

Let 100 cubic inches of common air, and 40 cubic inches of the 
gas called hydrogen, be introduced into a closed fiask. If an electric 
spark be transmitted through this mixture, which may be easily 
done, an explosion will take place with a considerable deyelopment 
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of heat. When the flask has been cooled, and its contents exaniin«d, 
it -will be found to contain eighty cubic inches of azote and a 
quantity of water, whose weight is exactly equal to the combined 
weights of twenty cubic inches of oxygen and forty cubic inches 
of hydrogen. 

The inference from this experiment is, that, under the influence 
of the electric spark, one of the constituents of the air has entered 
into combination with the hydrogen, and that their compound is 
water ; and since the air has lost twenty cubic inches, it follows 
that this portion of it is a gas which has the property of combining 
with twice its own measure of hydrogen, and thus forming water. 
The gas which possesses this property is called oxygen. 

The experiment here described is attended with two results, 
both of which have high importance. It proves flrst that 100 cubic 
inches of common air consists of eighty cubic inches of azote, and 
twenty of oxygen ; and, secondly, that twenty cubic inches of 
oxygen mixed with forty of hydrogen will be converted into water 
by passing through them the electric spark. 

It now remains to explain the chief properties of the two gases, 
by the mixture of which, in the proportion of eighty to twenty, or 
four to one, common air is formed. 

20. Azote, or nitrogen, which thus forms four-fifths of the air 
we respire, is characterised by negative rather than positive 
qualities. It has neither colour, taste, nor odour. A candle or 
lamp is immediately extinguished when introduced into it. No 
animal which requires respiration can live in it. 

Although this inability to support life by respiration is not pecu- 
liar to this particular gas, it has nevertheless given to it the name 
azote, from two Ghreek words signifying the negation of life. 

This gas is not inflammable. 

The destructive influence of this gas on animal life does not 
arise from any poisonous or injurious quality in the gas itself, but 
altogether from the absence of oxygen. 

This gas, when compressed by the same force, is very little 
different in weight from common air. A hundred cubic inches 
of it weigh 30^ grains, while 100 cubic inches of common air 
weigh 31 grains. 

21. The other constituent of atmospheric air, called oxygen, is 
characterised by many very remarkable properties. 

Like azote, this gas has neither colour, taste, nor odour. Bulk 
for bulk, and under equal pressure, it is a little heavier than com- 
mon air, 100 cubic inches weighing 34^ grains. 

The properties which are most conspicuously characteristic of 
this gas are those which relate to combustion and respiration. 

22. Combustion, or burning, is a phenomenon which consists of 
10 
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tlie large and sudden evolution of heat and light arising from 
the combination of a class of bodies, called combustibles, with 
oxygen. 

If a piece of charcoal be heated to redness, it will immediately 
begin to combine chemically with the oxygen of the atmosphere. 
A great heat and a yivid light are produced in this combination, 
and the product of it is a compound gas, composed of oxygen and 
carbon, and called carbonic acid. 

In like manner, if sulphur or phosphorus be similarly heated, 
similar effects will ensue. 

But since it is evident that these phenomena thus produced in 
common air arise exclusively from the presence of oxygen, which 
nevertheless forms only a fiffli part of that air, it may naturally be 
inferred that if the same combustibles were placed in an atmo- 
sphere containing a greater portion of oxygen, and still more if 
they were placed in an atmosphere of pure oxygen, the phenomena 
would be far more vivid. 

And this is accordingly found to be the case. 

All substances, which are capable of burning in common air, 
bum with far greater intensity and splendour in an atmosphere of 
pure oxygen. A piece of wood on which the least spark of light 
is visible, which would be spontaneously extinguished in common 
air, will burst into flame the moment it is plunged in a jar of 
pure oxygen. A piece of charcoal, heated to redness at its point, 
will in like circumstances enter into vivid combustion, emitting 
the most brilliant scintillations, until it altogether disappears. 
Phosphorus similarly treated bums with a light too splendid 
to be looked at without pain. If the extremity of a coil of steel 
wire be heated to redness, and plunged in such a jar, the wire 
will be rapidly burnt, emitting in like manner streams of brilliant 
sparks. 

These substances severally disappear in the process of combus- 
tion, and before science had attained to its present state of advance- 
ment it was supposed that they were destroyed. It is now 
known that the destruction of matter, in any form, and by any 
natural process, is as impossible as its creation. It is a physical 
maxim of high generality and undoubted truth that notMng but 
the immediate operation of the Divine will can either augment or 
diminish the quantity of matter composing the world. Whenever 
ponderable matter, therefore, seems to disappear, we are called 
upon to trace it, to discover its hiding-place, and to explain the 
nature and the cause of the change which produces its disappear- 
ance. In the present case nothing is easier. 

23. Let us suppose, for example, that a piece of lighted charcoal 
of sufficient magnitude is plunged in a closed glass jar filled with 
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pure oxygen gas. The yiyid combustion of the charcoal will take 
place, ancLwill be continued for a certain time, when it will cease, 
becoming continually less yivid until it is extinguished. If the 
gas now contained in the jar be examined by the usual chemical 
test, it will be found that it is no longer oxygen. A taper plunged 
in it will be instantly extinguished. An animal placed in it will 
die. Its weight will be greater than that which it had preyiously 
to the experiment, and if the imbumt residue of the (jiarcoal be 
weighed it will be found to have lost precisely the weight which 
the gas has gained. * 

In a word, the oxygen gas has been converted into another 
and heavier gas, called carbonic acid, and this has been accom- 
plished by a portion of the charcoal entering into chemical com- 
bination with it, that combination being attended with the 
evolution of heat and light, which characterises the phenomenon 
of combustion or burning. 

24. Now it is most desirable to become fEoniliar with the 
character and properties of this gas, for it plays a most important 
part in numberless processes and phenomena natural and artificial, 
which we encounter daily and hourly in the common experience 
of life. 

like all other gases, carbonic acid in its ordinary state is 
invisible, colourless, compressible, and elastic. It has a pungent 
smell and acidulous taste. If reduced to the temperature of 
melting ice and compressed with a force of 36 atmospheres, that 
is of 36 X 15, or 540 lbs. per square inch, it is reduced to a liquid, 
and when reduced to 180° below zero of Fahrenheit's thermometer, 
it is frozen and becomes solid. 

25. This gas is altogether unfit for respiration. When breathed 
pure it produces a violent spasm of the organ of the throat called 
the glottis, which prevents the gas from entering the lungs. If, 
however, it be mixed with so much common air as to prevent it 
from producing this spasm, it may enter the lungs, and in that 
case it acts on the system as a narcotic poison. 

26. All substances used for warming rooms, such as coal, 
coke and wood, and all such as are used for lighting them, such 
as oiL, tallow, wax, consist chiefly of carbon combined in small 
proportions with oilier constituents. The chief product of the 
combustion of all such substances is therefore carbonic acid. 
When coal, or other fuel, is burnt in a grate or stove, the 
carbonic acid is carried away by the chimney or flue, and there- 
fore does not pollute the air of the room. But this is not the 
case with the carbonic acid produced by the candles and lamps 
used to illuminate the room. All the carbonic acid produced by 
them mixes with the atmosphere of the room and poisons it to 
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a proportdonate degree. As this gas is evolved in the flame 
of the lamps and candles in a heated and highly expanded state, 
it will ascend to the ceiling of the room, and will float in a 
stratum there for a certain time. If means are not provided for 
its escape it will soon descend into, mix with, and poison the air 
of the room, and render it injurious to the health of those who 
breathe it. 

27. In theatres and other large buildings, which are sometimes 
illuminated by a central chandelier suspended firom the ceiling, 
an opemng is provided over the chandelier, which permits the 
escape of the carbonic acid, exactly as the chimney of a fireplace 
or liie flue of a stove receives that which is produced by the 
combustion of the fuel. In all cases whatever, tiie healthiness of 
apartments would be greatly increased if similar openings were 
provided for the escape of tiie carbonic add produced by lamps, 
candles, and other causes. 

28. The effervescence of soda water, champagne, ale, beer, and 
other similar drinks is produced by carbonic acid, which is fixed 
in them, and suddenly liberated when relieved from the confining 
pressure by the withdrawal of the cork. The agreeable pungency 
of these liquors is in a great degree due to the presence of this 
carbonic acid, which being allowed to escape by exposure in the 
air, or by leaving the bottle uncorked, the drmk becomes stale 
and flat. 

Water commonly contains more or less carbonic acid fixed in 
it. This being expelled by the process of boiling, cold boiled 
water acquires a peculiarly insipid taste, owing to the absence of 
the acid gas. 

It appears that the reception of carbonic acid gas into the stomach 
is not attended with the same deleterious effects as are produced 
by its introduction into the limgs. There are few forms of food 
or drink which do not include more or less of it. 

In general, fermentation is attended with the evolution of car- 
bonic acid. The gas ejected from dyspeptic stomachs affected by 
flatulency is carbonic acid. 

29. This gas is abundantly generated in all the spontaneous 
cbanges which attend the corruption of dead animal and 
vegetable matter. In autumn, after the fSEdl of the leaf in woods, 
forests, and gardens, and in all places where dead leaves are 
allowed to accumulate, the air is more or less impregnated with 
carbonic acid, which, by reason of its weight, remains long collected 
in the lower strata of the air, rendering it unhealthy. 

30. This gas is often collected and retained in the bottom of old 
wells, where it is known under the name of choke-damp. An 
animal which descends in such a well dies. 
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It sometinies issues from the earth, being evolved in some sub- 
terraneous process. Examples of this are presented in the 
case of the celebrated Ghrotto del Cane in Italy, and at Pyrmont, 
in Westphalia. The former place takes its name from the cruel 
and now useless experiment of showing that a dog let down 
into it dies. 

31. Carbonic acid is so much heavier than air, that it may be 
decanted like a liquid from one vessel to another. It is, however, 
a mistake to suppose that in consequence of its relative weight, 
it will permanently sink to the lowest strata of the atmosphere 
on which it happens to be placed, on tlie same principle that 
water would sink to the bottom of oiL. Gases in general are 
subject to a physical law, in virtue of which they mingle one 
witii another when they are in contact, and become at length 
uniformly diffiised through each other, notwithstanding these 
differences of weight. 

A small proportion of this gas is always diffused through the 
atmosphere, being the produce of innumerable natural processes 
which take place on the surface of the earth. This is not to be 
regarded, however, as a constituent of common air, any more than 
the mud of the Mississippi or the Tiber, or the salt of the ocean, is 
to be considered as a constituent part of pure water. 

32. Carbonic acid is evolved in large quantities by respiration. 
The oxygen, which forms one-fifth part of the common air which 
is inspired in respiration, is absorbed by the blood before it enters 
the arterial system, and the same blood on issuing from the 
venous system dismisses a corresponding quantity of carbonic 
acid, which is expired at the mouth and nostrils. Thus, while 
the air inspired is a mixture of azote and oxygen, the air expired 
is a mixture of azote and carbonic acid. 

The effect, therefore, of respiration on the surrotmding air is 
precisely the same as that of a lamp or candle. In both cases the 
oxygen constituent disappears, and is replaced by carbonic acid. 

It is evident, therefore, that it is the oxygen constituent of 
common air which is the means of supporting animal life by a 
specific effect which it produces upon the blood which absorbs it, 
and which carries it through the arterial and venous systems, 
where it is converted into carbonic acid, and discharges a variety 
of functions necessary to the maintenance of life. 

33. It is for this reason that oxygen is often called vital aib. 

34. In apartments or buildings where persons are crowded 
together in large numbers, more especially when they are iUu- 
miaated by artificial light, there is therefore an enormous and 
rapid production of this noxious gas, as well by respiration as 
by the lamps, candles, or gas-burners used for illumination. 
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Although in large pnhlio buildiags which are habitually thus 
filled, proper means of yentilation are often provided, this is not 
the case in general in private residences, where such assemblies 
are only occasional. Hence it happens that large parties, balls, 
and other social entertainments given in private houses are 
extremely injurious to the health. Multitudes are crowded 
together in brilliantly-lighted rooms. The respiration, the 
exhalation from the skin produced by an elevated temperature 
and by the exercise of dancing, and the combustion of vast 
numbers of candles, lamps, and gas-lights, evolve parbonic acid in 
large quantities, which, having no means of escape, accumulates 
until the company becomes painfully sensible of its ill-effects on 
respiration. ReHef is then sought by opening one or more 
windows or doors, by which currents of fresh air are let in, and 
the foul air drawn out. If the air thus admitted were of a proper 
temperature, this paUiative of the evil might be admitted to be 
partially efficient; but the air thus introduced is usually of a 
temperature from twenty to forty degrees lower than that of the 
room. The persons exposed to these sudden cold currents, more 
especially females, having their highly heated skins and open 
pores extensively uncovered, receive a chill, by which the integu- 
ment contracting drives back into the blood the fluids which ought 
to have been permitted to escape by cuticular transpiration. 
Hence arise numberless diseases, rheumatisms, colds, fevers, and 
in more cases than is ever known or acknowledged, premature 
and ultimate death. 

S5, It will be apparent from these considerations how much it 
behoves architects, builders, and proprietors to provide proper 
expedients in the erection of private residences for the efficient 
yentilation of rooms. 

36. We have stated that tdr is colourless and transparent, and 
this is practically true not only of common air, but of gases 
generally, when they are exhibited in such moderate quantities as 
are usually submitted to observation or experiment. Strictly 
speaking, however, air is not absolutely transparent or absolutely 
free from colour. 

When a fluid is very faintly coloured, its peculiar hue is only 
perceptible when a considerable depth or thickness of it is sub- 
mitted to view. If a tapering glass, such as those used for 
champagne, be filled with pale sherry or other liquor of a like 
colour, the pecxdiar colour of the liquid will be distinctly enough 
perceived at the top of the glass, when the eye views a certain 
thickness of it; but the colour becomes fainter and fainter 
towards the point of the cone, where it is scarcely perceptible. 
If a glass tube of small bore be dipped in the liquid, and, the 
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finger being applied at the upper end to stop it, it be raised, the 
liquid which will be suspended in the tube will appear as 
transparent and oolourless as water. It cannot be doubted, 
neyertheless, that the liqidd in the tube has the same colour as 
the liquid in the glass. . The colour is not peroeived only because 
the quantity in l^e tube is too small to reflect sufficient colour to 
produce a sensible effect ou the eye. 

The atmosphere is in the same euxnimirfameea. The colour 
reflected even from a considerable volume of it is too fsint to be 
perceptible. Thus the air which fills a room, or 'wiiioh intervenes 
between the eye and the buildings, trees^ and other^^^ijeots 
around us, appears quite transparent and colourless, and ire see 
all such objects distinctly through it in their proper oolouDs. 
But when, in the daytime, we look up through fifty or akiy 
miles height of air, illuminated by solar light, we find that a 
strong and decided tint of ,li^Q U peroeived. Xhis amre, wMch 
in the absence of cloud^ forms the celestial vaults belongs not to 
anything which occupies .t^*i4gio9[|8\of:tiie uuiverse'in which the 
heavenly bodies are placed^ iiII&'{o«4h|^^:^t^^DMuw~.(^air thsough 
which these bodies are seen. 

To perceive this peculiar Qolouc of air, however, it is not 
necessary that so vasi % 'i|ifiS8 should - be presented to the eye. 
Distant mountains appear bluish, not because that is their colour, 
but because it ia/^fte hue of the atrial medium through which we 
look at them. As we approach them, the quantity of the inter- 
vening air being diminished, this bluish tint is no longer perceived, 
and they i^pear with their proper colours. 
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COMMON THINGS. 



THE EARTH. 

1. Siffionltj of oliaarviiig the aiih u » -whole. — S. It uppean at flnt an 
indefiiiiM flat nu&oe. — 3. This diaproved bj traTelling round it. — 1. 
Proof of the enrratiire of ila nir&ce V obserraUon of distant objeoti 
at wa.-^. S; the Eutlk'i ihodow projeotad on the Moon.— 6. In- 
eqnalitiea of mrboe, lach as monntaing and Tallaya, injiignificaot. — 
7. Hagnitnds of Earth, hoir ascertained. — 8. Length of a degree of 
latitude. — B-IO. Ulnitratioiu of the Earth's magnitnde. — 11. la the 
Earth at rett I — 12. Apparent motion of the firmament. — 13. Origin 
of the irord " Unirene." — 14. Thii apparent motion may not be real 
— maj ariiM from the rotation of the Eaitli. — IS. Hoiriacli a rotation 
would piednoeil— IS. Fo1ei.~17. Bqnator,— IS. H«iuaphsre&— 19. 
IiABunB'* Hmaini or Somoi. i a 
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Meridums. — SO.^WMch of the two rotationH is the more probable ^— 
21. Botati(0!ii of the tnuTerse impossible. — 22. Simplioityof tiie snppoaed 
rotation of tiheglbbe. — 23. Direct proofiiof this motion. -^24. FoncaulVs 
expe^ouHit^ — 25. lie analogy to the plaaetB. — ^26. Gondnaion as to the 
glmiar form of the earth requires modifieation.~^27. All human 
Idltowtidgt) tentative and approximatiTe. — ^28. Botation not oonmatible 
%ith the exact globular form. — 29. Centrifugal force of the 'Barth's 
' rotation. — 90. The globe rotating would assume the form of an oblate 
" epheroid.-^!. The degree of elliptieity would Tary with the Telocity 
-of rotation. — 82. Bxperimental illustration.— 33. EUiptidty oone- 
spcnding to the diurnal rotation. — 34. How these circumstances alM 
the actoal state of the Earth. — 35. Form of a terrestiial meridian*^- 
86. Dimensions of the terrestrial spheroid. — 87. Its departure from 
an exact globe very small. — 88. Its density and mass. — 89. Deter- 
mined by CaTraidish and Maskelyne. — 40. Its total weight. 

* 1. Locke somewliere observes, with, bis nsual felicity of iUiistra- 
tion, that the "mind, like the eye, while it makes us see and 
perceive all other things, can never turn its view with advantage 
upon itself." We encoimter something similar to this in onr 
researches througli the imiverse ; for of all the objects which 
compose it, one of the most difficult of which to obtain a com-p 
plete and accurate knowledge is the planet which we inhabit. 
The cause of this is our proximity to it, and intimate connexion 
with it. We are confined upon its surface, from which we cannot 
separate ourselves. We cannot obtain a bird's-eye view of it, nor 
at any one time hehold more than an insignificant portion of its 
surface. We have the same difficulty in obtaining an acquaintance 
with it that a microscopic animalcule would have in acquiring 
a perfect knowledge of the form and dimensions of a terrestrial 
globe twelve inches in diameter, on the surface of which it 
creeps. 

Still, by a variety of indirect methods supplied by the ingenuity 
of scientific research, we have been enabled to ascertain its form, 
dimensions, and physical constitution, with a considerable degree 
of accuracy. 

2. The first impression produced upon the eye of an observer, 
who has not carried his inquiries farther, is, that the surface of 
the earth is a fiat plane, interrupted only by the inequalities of 
the land. A little careful observation, however, upon the many 
phenomena which are easily accessible to every observer, will 
correct this erroneous impression. 

3. It is well known that if a voyage were made upon the earth, 
continually preserving one and the same direction, or doing so as 
nearly as circumstances will permit, we should at length arrive 
at the place from which we departed. If the earth were an 
indefinite plane, this could not happen. It is evident, then, that 
whatever be the exact form of the earth, it is a body which is on 
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every side limited, and one which must therefore have suoh a 
surface that a traveller or navigator can oompletely surround it in 
one continuous course. 

4. Let us see, however, whether we may not obtain evidence 
more distinct as to its form. If we stand on the deck of a ship at 
sea, and out of sight of land, the view being bounded only by sea 
and sky, and look at the horizon when a ship (a, fig. 1) approaches, 
we shiJl at first see its topmast rising out of the water like a pole. 




As it gradually comes nearer to us (as at b), more of the mast will 
become visible, and the sails will be seen — out of^ however, 
horizontally, by the line at which the water and sky uxiite. Upon 
the nearer approach of the ship (as at c and d), the hull will at 
length become visible. No^ since this takes plaoe on all sides 
around us, it will follow that when the ship is at a distance, there 
must be something interposed between the eye and it which inter- 
cepts the view of it; but as the sur£EU)e of the water is generally 
uniform, and not subject to sudden and occasional inequalities like 
that of the land, we can only imagine its general form to be 
convex, and that its convexity is interposed between the eye and 
the object so as to intercept the view. 

Since the same effects are observed from whatever direction the 
ship may approach, it will follow that the same convexity must 
prevail on every side. 

If, on the contrary, the surface extending £nom the eye to the 
ship were a plane, the ship would be rendered invisible only by 
reason of its distance; whereas it is ascertained that a ship 
frequently is invisible at a distance at which it must be seen but 
for the interposition of some other object; this may be tested, and 
in fact is frequently tested at sea by mounting to the masthead, 
whence the seaman being enabled to overlook the convexity, sees 
vessels which are invisible from the deck, although, strictly 
speaking, he is nearer to those vessels on the deck than at the 
masthead. 

When the mariner, after completing a long voyage, discovers by 
his observations and reckonings that he is approaching the desired 
coast, he ascends to the topmast and looks out for the appearance 
of mountains or other elevated land, and he invariably sees them 
from that point long before they are visible from the deck. He 
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afterwards sees them £romthe deck long before the general level of 
the country will be observed by him. All these are natural and 
necessary consequences of the conyexity of the surface of the 
ocean. The same effects would be seen in any part of a continent 
which is sufficiently free from mountains and other inequalities. 

5. But we haye a still more condusiye and convincing proof of 
the general form of the earth even than those which have been 
explained. When the moon passes directly behind the earth, so 
that the shadow which the eartii projects behind it in the direction 
opposite to the sun shall fall upon the moon, we invariably find 
that shadow to be, not as is commonly said, circular, but such 
exactly as one globe would project upon the surface of another 
globe. Now, as this takes place always, in whatever position the 
earth may be, and while the earth is revolving rapidly with its 
diurnal motion upon its axis, it follows that the earth must either 
be an exact globe or so little different from a globe that its devia- 
tion from that figure is undiscoverable in its shadow. 

We 9iay, then, consider it demonstrated that the earth may 
be practically regarded as globular in its form. We shall here- 
after see that it slightly departs froifpL the spherical figure, but 
our present porpoeewill be best answered by regarding it as a 
globe. 

6. The objection will doubtless occur to many minds that the 
inequality which exists on the surface of that portion of the globe 
that is covered by land, especially the loftier ridges of moun- 
tains, such as the Andes, the Alps, the Himalaya, and others, are 
incompatible with the idea of a globular figure. If the term 
globular figure were used in the strictest geometrical sense, this 
objection doubtlessly would have great force. But let us see the 
real extent of this presumed deviation from the globular form. 
The highest mountain on the surface of the globe does not exceed 
five miles above, the general level of the sea. The entire diameter 
of the globe, as we shall presently see, is eight thousand miles. 
The proportion, then, 'which the highest summit of the loftiest 
mountains bears to the entire diameter of the globe will be that 
of ^Ye to eight thousand, or one to sixteen hundred. If we take 
an ordinary terrestrial globe of sixteen inches in diameter, each 
inch up<m the globe will correspond to five hundred miles upon 
the earth, and the sixteen hundredth part of its diameter, or the 
hundredlii part of an inch, will correspond to five miles. . . If, then^ 
we take a narrow strip of paper, so thin that it would take one 
hundred leaves to make an inch in thickness, and paste such a 
strip on the sur&oe of the globe, the thickness of the strip would 
represent upon the sixteen-inoh globe the height of the loftiest 
mountain on the earth. We are then to consider that the highest 

52 



MAGNITUDB. . 

juountain-ranges on the earth deprive it of its globular figure only 
in the same degree and to the same extent as a sixteen-inch globe 
would be deprived of its globular figure by a strip of paper pasted 
upon it the hundredth part of an inch thick. 

It is supposed that the greatest depth of the ocean which covers 
any portion of the globe does not exiseed the greatest height of the 
mountains upon the laind. If this be true, the ocean upon the 
earth might be represented by a film of liquid laid with a camel's 
hair pencil upon the surface of a sixteen-inch globe. 

It is apparent, therefore, that depths and heights which appear 
to the common observer to be stupendous, are nothing when con- 
sidered with refdrence to the magnitude of the earth ; and that, so 
far as they are concerned, we may practically regard the earth as 
a true globe. 

7. Having asoertaiaed satisfactorily the form: of the earth, 
our next enquiry must be as to its magnitude; and since it 
is a globe, all that we are required to know is the length of its 
diameter. 

If a line were described surrounding the globe, so as to form a 
circle upon it, the centre of which should be at the centre of the 
globe, such a circle is called a great circle of the earth. Now if 
we know the length of the circumference of such a cirde, we could 
easily calculate the length of its diameter, for the proportion of 
the circumference to the diameter is exactly known. But , we 
could calculate the circumference if we knew tl^e length of one 
degree upon it, since we know that the circumference consists oi 
three hundred and sixty degrees ; we should therefore only have 
to multiply the length of one degree by three hundred and sixty 
to obtain the circumference, and should thence calculate the 
diameter. 

8. In our tract upon latitudes and longitudes, it "^as shown hQW 
the latitude of a place can be ascertained. Now, let us suppose 
two places selected which are upon the same meridian of the earth, 
and therefore have the same longitude, and which are not very 
flEir removed from each other. Let them, moreover, .be . selected 
so. that the distance between them can be easily and accurately 
measured. Now let the latitude of these two places be exactly 
determined, and let us suppose for example that the. difference 
between these two latitudes is found to be one degree and a half ; 
and supposing also that on measuring the distance between them, 

. that distance is found to be one hundred and four mUes and thirty- 
,five hundredths. We should, thence infer that such must be the 
length of one degree and. a half of the earth's surfeice, . and that 
oons^nently the. length of one degree would be two thirds of this, 
or sixty-nine and a half miles. Having thus found the length of 
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a degree, vre should have to multiply it by three hundred and 
sixty, by whidh we should obtain the circumferenoe of the earth. 
This would giye twenty-fiye thousand and twenty miles, and we 
should then find by the usual mode of oaloulation the diameter of 
the earth, which would proye to be a little under eight thousand 
miles. * 

The fact that a degree of the earth's ciroumferenoe oonsists in 
round numbers of just so many thousand feet as there are days in 
the year, supplies a very oonvenient aid to the memory. 

We have made these calculations chiefly with a yiew of render- 
ing the principles of the investigation intelligible. The more 
exact dimensions of the earth will be explained hereafter. 

We conclude, then, that the earth is a globe eight thousand 
miles in diameter. 

9. To enounce this stupendous arithmetical result is much 
easier l^ian to obtain any mstinot notion of the actual magnitude 
which it expresses. Such a globe has a circumferenoe of twenty- 
five thousand miles. A locomotiye engine travelling incessan^y 
night and day, at twenty-fiye miles an hour, would take about 
forty-two da3rs to go round it. 

10. When the diameter of a globe is known, its surface and 
yolnme or cubical bulk can be easily determined. To find the surface 
we have only to take three hundred and fourteen hundredths of 
the square <rf the diameter, and to find the yolume, five hundred 
and twenty-Sour thousandths of the cube of the diameter. In this 
way we find that the surfeuse of the earth measures two hundred 
millions of square miles, and that its cubical bulk is about two 
hundred and sixty thousand millions of cubic miles. 

If the materials which form such a globe were built np in the 
form of a yertical column, the base of which would have the mag- 
nitude of Inland and Wales, its height would be nearly four 
and a half millions of miles I 

11. Such being the dimensions of the .globe we inhabit, we are 
next to consider what is its condition as to motion. Is it, as it 
appears, at rest? For several thousand years in the history of 
the humifn raoe, it was not only so considered, but he that would 
have yentured to call in question its stability and quiescence 
would have been deemed insane. Certain expressions in the sacred 
Scriptures being erroneously supposed to affirm its immobility, it 
was deemed heretical to deny it ; and Gkdileo, who did so, was 
put to the torture by the ecclesiastical authorities of the day, and 
compelled to admit its quiescence. This yerbal admission was, 
however, so utterly opposed to his convictions, that, on quitting 
the presence of the inquisitors, he stamped on the ground, and 
muttered the words, << It moyes for all that." 
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12. A few hours' attentive contemplation of the firmament at 
night will enable any common observer to perceive, that although 
the stars are, relatively to each other, fixed, the hemisphere, as a 
whoUy is in motion. Looking at the zenith, that is the point 
directly above our head, constellation after constellation mU. 
appear to pass across it, having risen in an oblique direction from 
the horizon at one side, and, after passing the zenith, descending 
on the other side to the horizon, in a direction similarly oblique. 
Still more careful and longer continued observation, and a com- 
parison, so far as can be made by the eye, of the different directions 
successively assumed by the same object, creates a suspicion, which 
every additional observation strengthens, that the celestial vault 
has a motion of slow and uniform rotation round a certain diameter 
as an axis, carrying with it all the objects visible upon it, without 
in the least deranging their relative positions or disturbing their 
arrangement. 

When these loose impressions of the senses are submitted to the 
more exact means of observation which are at the disposition of 
astronomers, it is found that all the appearances of the heavens, 
the rising and the setting of the stars, the sun and the moon, their 
apparent motion in ascending to, passing, and descending fromy 
their several points of culmination, is that of a sphere revolving 
with an uniform motion round the diameter which is directed to 
the pole. 

The world we inhabit therefore would, to judge from tiliese 
phenomena, seem to be fixed in the centre of a hollow sphere of 
vast magnitude. On the concave surface of this hollow sphere 
thus surrounding us at an immeasurable distanoe all the stars 
appear to be placed. This sphere, carrying the whole creation 
upon it, appears to revolve round our world. It makes a complete 
revolution in twenty -four hours.* By this rotation, the diurnal 
appearances of the rising and setting of all the heavenly bodies are 
perfectiy explained. 

13. The ancients who, as has been stated, affirmed the reality 
of this motion oif the celestial sphere, gave to the whole creation 
around the earth, the name UirrvEESE ; from two words, Uirrs, one^ . 
and Yebsuh, turning or rotation ; because they assiuned that by 
an imaginary force, called the pmmum mobile, or first impulse,. 
this rotatory motion had been imparted to the firmament, which 
ever afterwards retained it. 

14. It is easy to perceive that the apparent diurnal rotation of 
the firmament round the earth may arise indifierentiy from either 
of two causes : 1st, from such a real rotation of the firmament 

* Hove exaetly SS^ 69^ 4*09", but for tins praaent the caase of tius 
dUferenoe nead not be noticed. 
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onoe in twenty-four lionrs ; 2ndl}r^ firom the rotation of the globe 
of llie earth in the same time round that diameter which is in 
the direction of the axis round which the firmament appears to 
revolve. 

There is absolutely no other supposition possible but one or 
other of these. The rejection of either necessarily throws us upon 
the adoption of the other. 

But it may be required that we should show how the rotation of 
the earth upon an axis passing through the poles would cause the 
apparent diurnal rotation of the firmament. 

15. Let us assume that the earth is a globe revolving uniformly 
on its axis in twenty-four hours. The universe around it is 
relatively stationary, and the bodies which compose it being at 
distances which mere vision cannot appreciate, appear as if they 
were situate on the surface of a vast celestial sphere in Ihe centi^ 
of which the earth revolves. This rotation of the earth gives ta 
the sphere the appearance of revolving in the contrary direction, 
as the progressive motion of a boat on a river gives to the 
banks an appearance of retrogressive motion; and since the 
apparent motion of the heavens is from east to west, the real 
rotation of the earth which produces that appearance must be from 
west to east. 

How this motion of rotation explains the phenomena of the 
rising and setting of celestial objects is easily understood. An 
observer placed at any point upon the sur&ce of the earth is 
carried round the axis in a circle in twenty-four hours, so that 
every side of the celestial sphere is in succession exposed to his view. 
As he is carried upon the side opposite to that in which the sun is 
placed, he sees the starry heavens visible in the absence of the 
splendour of that luminary. As he is turned gradually towards 
the side whore the sun is placed, its light begins to appear in the 
firmament, the dawn of morning is manifested, and the globe con- 
tinuing to turn, Jie is brought into view of the luminary itself, 
and all the phenomena of dawn, morning, and sunrise are 
exhibited. While he is directed towards the side of the firmament 
in which the sun is placed, the other bodies of inferior lustre are 
lost in the splendour of that luminary, and all the phenomena of 
day are exhibited. When by the continued rotation of the globe 
the observer begins to be turned away from the direction of the 
sun, that luminary declines, and at length disappears, producing 
all the phenomena of evening and sunset* 

Such, in general, are the effects which would attend the motion 

of a spectator placed upon the earth's surface, and carried roimd 

with it by its motion of rotation. He is the spectator of a gorgeous 

diorama exhibited on a vast scale, the earth which forms his station 
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being the revolying stage by which he is carried round, so as to 
yiew in succession the spectacle which surrounds him. 

These appearances yary with the position assumed by the observer 
on this reyolying stage ; or, in other words, upon his situation on 
the earth, as will presently appear. 

16. That diameter upon which it is necessary to suppose the 
earth to revolye in order to explain the phenomena is that which 
passes through the terrestrial poles. 

17. If the globe of the earth be imagined to be cut by a plane 
passing through its centre at right angles to its axis, such a plane 
wiU xneet the surface in a circle, wHch wiU divide it into two 
hemispheres, at the summits of which the poles are situate. This 
circle is called the tebbestslil eqfatos. 

18. That hemisphere which includes the continent of Europe is 
called the kosthebn heuisphebe, and the pole which it includes 
is called the kosthebx tebbestbial pole ; the other hemisphere 
being the soitthebn hehisphebe, and including the soitthebn 

TESBESTBIAL POLE. 

19. If the surfeice of the earth be imagined to be intersected 
by planes passing through its axis, they will meet the surface 
in circles which, passing through the poles, will be at right 
angles to the equator. These circles are called tebbestbial 
MEBiDiANS, and will be seen delineated on any ordinary terrestrial 
globe. 

These observations will be more clearly comprehended by 
reference to fig. 2, in which K is the north, and s the south pole of 
the earth, and jb <% the equator. The firmament surrounding the 
earth is represented by the circle n€B8q, The axis s K of the earth 
being supposed to be prolonged to the heavens will meet the firma- 
ment at n and «, the celestial north and south poles ; and in like 
manner the plane of the terrestrial equator M a being continued 
to the heavens, will meet the firmament at €e q^ the celestial 
equator. 

If an observer be stationed at o, his zenith will be at 2, and his 
horizon at hh'. As the globe revolves from west to east, the 
heavens will be successively brought into view on the east, and 
wiU disappear continually on the west. 

20. Assuming then that all the diurnal changes of appearance 
presented by the firmament, the risings and settings of the sun, 
moon, and stars, and their varying appearance in different lati- 
tudes, admit of being explained with equal precision and com- 
pleteness, either by supposing the uiiiverse to revolve daily round 
the earth, or the earth to revolve daily on its axis, the only 
question which remains to be decided is, which of these -two 
suppositions is the more probable ? 
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The fixity and absolute repose of the globe of the earth being 
assumed by the anoients as a physical maxim which did not even 
admit of being questioned, they perceived the inevitable character 
of the alternative which the apparent diurnal rotation of the 
heavens imposed upon them, and accordingly embraced the hypo- 
thesis^ whidi now appears so monstrous, and which is implied in 
the term xnovEBSS, which they have bequeathed to us. 

21. But with the knowledge which has been obtained by the 
labours of modem astronomers respecting the enormous magnitudes 
of the principal bodies of the physical universe, magnitudes 
compared with which that of the globe of the earth dwindles to a 
mere point, and their distances under the expression of which the 
very power of number itself almost fedls, and recourse is had 
to colossal units in order to enable it to express even the smallest 
of them, the hypothesis of the immobility of the earth, and the 
diurnal rotation of the countless orbs of magnitudes so incon- 
ceivable fiUing the immensity of space once every twenty-four 
hours round this grain of matter composing our globe, becomes 
80 preposterous that it is rejected, not as an improbability, but as 
an absurdity too gross to be even for a moment seriously enter- 
tained or discussed. 

22. But if any ground for hesitation in the rejection of this 
hypothesis existed, all doubt would be removed by the simplicity 
and intrinsic probability of the only other physical cause which 
can produce the phenomena. The rotation of the globe of the 
earth upon an axis passing through its poles, with an uniform 
motion from west to east once in twenty-four hours, is a suppo- 
sition against which not a single reason can be adduced based on 
improbability. Such a motion explains perfectiy the apparent 
diurnal rotation of the celestial sphere. Being imiform and tree 
£rom irregularities, checks, or jolts, it would not be perceivable by 
any local derangement of bodies on the surface of the earth, all of 
which would participate in it. Observers upon the surface of our 
globe would be no more conscious of it, than are the voyagers shut 
up in the cabin of a canal boat, or transported above the clouds in 
the car of a balloon. 

23. It has been shown that a body descending from a great 
height does not fall in the true vertical line, which it would if the 
eaitii were at rest, but eastward of it, which it must, if the earth 
have a motion of rotation from west to east. 

24. An ingenious expedient, by which the diurnal rotation of the 
earth is rendered visible, has been conceived and reduced to' 
experiment by M. Leon Foucault. This contrivance is based upon 
the principle, that the direction of the plane of vibration of a 
pendulum is not affected by any motion of translation which may 
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be giyen to its point of snspengion. Thiu, if a pendulum suspended 
in a room and put into yibration in a plane parallel to one of the 
walls, be carried roimd a circular table, the plane of its vibration 
vnH continually be parallel to the same waU, and will therefore 
Tary constantly in the angle it forms with the radius of the table 
which is directed to it. 

Now, if a poadulum, suspended anywhere so neav the pole of 
the earth that the circle round the poleTmay be considered a plane^ 
be put in vibration in a plane passing through the pole, this plane, 
continuing parallel to its origioal direction as it is carried round 
the pole by the earth's rotation, will make a varying angle with 
the line drawn to the pole frcna the position it occupies. After 
being carried through a quarter of a revolution it will make an 
angle of 90"* with the line to the pole, and so on. In fine, the 
direction of the pole will appear to be carried round the plane of 
vibration of the pendulum. 

The same effects wiU be produced at greater distances from the 
pole, but the rate of variation of the angle under the plane of 
vibration and the plane of the meridian will be different, owing to 
the effects of the curvature of the meridian. 

This phenomenon, therefore, being a direct effect of the rotation 
of the earth, supplies a proof of the existence of that motion, 
attainable without reference to objects beyond the limits of the 
globe. 

25. Another evidence of the rotation of the earth iq»on its axis 
is derived from the ascertained fact that the planets which hold 
places in the solar system similar to that of the earth, do revolve 
on axes, in times not very different from that of the earth's 
rotation, as has been shown in our tract upon the Planets. 

It may, then, be taken as proved that the earth is not fixed and 
quiescent, but that it has a rotatory motion round the diameter 
which passes through its poles, completing a revolution in a day. 

26. Having explained the proofs by which we have arrived at 
the knowledge of the globular form of the earth, it may occasion 
some surprise that we shall now have to reconsider and modify 
that conclusion. In this there is nevertheless nothing unusual. 
It is quite in harmony with all the labours of those who devote 
themselves to the discovery of the laws of nature. 

27. It is the condition of man, and probably of all other finite 
intelligences, to arrive at the possession of knowledge by the slow 
and laborious process of a sort of system of trial and error. The 
fibrst conclusions to which, in physical enquiries, observation 
conducts us, ate never better than very rough approximations to 
the truth. These, being submitted to subsequent comparison with 
th» originals, undergo a first series of corrections, the more 
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prominent and oonspicuous departures from conformity being 
removed. A seoond approximation, but still only an approxima- 
tion, is thus obtained ; and another and still more severe .com- 
parison with the phenomena under investigation is made, and 
another order of corrections is effected, and a closer approximation 
obtained. Nor does this progressive approach to perfect exactitude 
appear to have any limit. The best results of our intellectual 
labours are still only dose resemblances to truth, the absolute 
perfection of which is probably reserved for a higher intellectual 
state. 

These observations will be illustrated by tiie process of inves- 
tigation and discovery in every department of physical science, 
but in none so frequentiy and so forcibly as in that which now 
occupies us. 

The first conclusions at which we have arrived respecting the 
form of the earth is, that it is a globe ; and with respect to its 
motion is, that it is in uniform rotation round one of its diameters, 
making one complete revolution daily. 

28. The first question then which presents itself is, whether this 
form and rotation are compatible P It is not difficult to show, by 
the most simple principles of physics, that they are not; that 
with such a form such a rotation could not be maintained, and 
that with such a rotation such a form could not permanentiy 
continue. 

The conclusion that the earth revolves on its axis with a motion 
corresponding to the apparent rotation of the firmament, is one 
which admits of no modification, and must from its nature be 
either absolutoly admitted or absolutely rejected. The globular 
form imputed to the earth, however, has been inferred fix)m 
observations of a general nature, unattended by any conditions of 
exact measurement, and which would be equally compatible with 
innumerable forms, departing to a very considerable and measurable 
extent from that of an exact geometrical sphere or globe. 

29. It is a tact familiar to every one that when a body is whirled 
round in a circle it has a tendency to fly from the centre. This is 
called CENTBiFUQtAjj FOBCE. If a stone be whirled round in a 
sling, this tendency is sensibly felt. 

By reason of the rotation of the earth on ite axis all the matter 
composiug it, solid and fluid, being carried round the axis in 
circles of greater or less radius, has this tendency to fly firom the 
axis round wbich it is thus whirled ; and this tendency is stronger 
for those parte which are more distant than for those which are 
nearer to the common axis. 

30. If the globe thus revolving were composed altogether of 
matter capable of yielding to the action of such forces, it would 
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obyionsly assume a form departing from tliat of an exact sphere. 
The parts near the equator would extend themselves to a greater 
distance from the axis, those more remote from the equator to a 
less distance, and so on, until, at the pole, the matter would not 
be at all affected by the rotation. This would be the case if the 
globe were formed of matter in a liquid or even in a semi-liquid 
or soft state, or if its materials were elastic. 

The form it would take would be one resembling an orange or a 
turnip. Thus, if N 8, fig. 3, be its axis, the equatorial diameter, 
q q, will be stretched out to the increased length, Q Q, while the 
pfu1» between q q and the poles will be less and less extended the 
nearer they are to the poles, ^ 

The globe would therefore be 
changed from the form it y s j. 
of a true sphere, to the form 
IT a s a, of a flattened globe, 
called in geometry an obi.ate 

8PHEB0ID. 

31. The elliptic form would 
depart more and more from a 
true circle as the motion of 
rotation is more rapid, so that 

between the time of rotation and the degree of ellipticity there is a 
fixed relation, such that when the time of rotation is given, the 
oval form, or what is the same, the proportion of the equatorial 
to the polar diameter, can be computed. 

32. It is certain^ then, that if the earth were composed of fluid, 
soft or elastic matter, it could not continue to retain the form of a 
globe, but would become a spheroid, having that degree of ellip- 
ticity which would correspond to a motion of rotation, at the rate 
of one revolution per day, and it is shown by calculation that this 
ellipticity would be such that the equatorial diameter would be 
greater tiian the polar diameter by one three-hundredth part. 

33. But the eartli, in its present state, is not composed of such 
yielding materials, and it becomes a question, what, in that case, 
must be the effect of the diurnal rotation on the distribution of land 
and water, if the earth were an exact globe. 

34. The solid parts of the earth would resist by their cohesion the 
tendency of the rotation, to cause them to be accumulated and 
heaped up around the equator ; but this would not be the cato 
with the waters composing the seas and oceans. These, by reason 
of their freedom and mobility would yield to the centrifugal force, 
and would heap themselves up around the equator, flowing in that 
direction from the polar regions of either hemisphere, so that the 
necessary consequences of the earth having a form exactly 
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globular, and a diumal rotation, would be that the sorfiioe would 
consist of two vast polar continents separated bj an extemdye 
equatorial ocean. 

Such not being the distribution of land and water on the earth, 
it follows that its form cannot be that of an exact globe. 

35. It remains, then, to find means to ascertain bj direct 
measurement and observation, what is the actual form of the 
earth. 

If a terrestrial meridian were an exact drde, as it would neces- 
sarily be if the earth were an exact globe, every part of it would 
have Ihe same curvature. But if it were an ellipse, of which the 
polar diametei^is the lesser axis, it would have a varying curva- 
ture, Ihe convexity being greatest at the equator, and least at the 
poles. K, then, it can be ascertained by observation, that Ihe 
curvature of a meridian is not uniform, but that on the contrary 
it increases in going towards the Line, and diminishes in going 
towards the Poles, we shall obtain a proof that its form is Ihat of an 
oblate spheroid. 

To comprehend the method of ascertaining this, it must be 
considered that the curvature of circles diminishes as their 
diameters are augmented. 

If, therefore, a degree of Ihe meridian be observed, and 
measured, at different latitudes, and it is found that its length is 
not uniformly the same as it would be if th§ meridian were a 
circle, but that it is less in approaching the equator, and greater 
in approaching Ihe pole, it will follow that the convexity or curva- 
ture increases towards Ihe equator, and diminishes towards the 
poles ; and that consequently the meridian has the form, not of 
a circle, but of an ellipse, Ihe lesser axis of which is the polar 
diameter. 

Such observations have accordingly been made, and the lengths 
of a degree ui various latitudes, from the Line to 66° N. and to 
35° S., have been measured, and found to vary from 363000 feet 
on the Line to 367000 feet atlat. 66". 

From a comparison of such measurements, it has been ascer- 
tained that the equatorial diameter of Ihe spheroid exceeds the 
polar by ^^th of its length. 

Now this is precisely the form, precisely the degree of ellipticity, 
which a globe, composed of fluid or soft materials, would assume if 
it had a rotation on its axis once in twenty-four hours. 

Thus it appears, that Ihe form of Ihe earth, ascertained by 
observation, supplies aaother proof of its diurnal rotation. 

36. It is not enough to know the proportions of the earth. It 
is required to determine the actual dimensions of the spheroid. 
The following are the lengths of the polar and equatorial diameters^ 
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according to the computations of the most eminent and recent 
authorities : — 



Polar diameter 

Equatorial diameter .... 
Absolute difference .... 
Bzoess of the equatorial expressed in a frac- 
tion of its entire length . . . 



BESSBL. 



MUes. 

7899-114 

7925*604 

26-471 

1 

299 -407 



AIRT. 



1 



Miles. 
7899-170 
7925-648 

26-478 
1 

299*330 



The dose coincidence of these results supplies a striking example 
of the precision to which such calculations have been brought. 

37. The departure of the terrestrial spheroid from the form of an 
exact globe is so inconsiderable that, if an exact model of it 
turned in ivory were placed before us, we could not, either by 
sight or touch, distinguish it from a perfect billiard ball. A 
figure of a meridian actually drawn on paper could only be 
distinguished from a circle by tiie most precise measurement. 

38. The magnitude of the earth being known with great preci- 
sion, the determination of its mass and that of its mean density 
l)ecome one and the same problem, since tiie comparison of its 
mass with its magnitude will give its mean density, and the 
comparison of its mean density with its magnitude will give its 
mass. 

The methods of ascertaining the mass or actual quantity of 
matter contained in the earth are all based upon a comparison of 
the gravitating force or attraction which the earth exerts upon an 
object with the attraction which some other body, whose mass is 
exactly known, exerts on tiie same object. It is assumed, as a 
postulate or axiom in physics, that two masses of matter which at 
equal distances exert equal attractions on the same body, must be 
equal. But as it is not always possible to bring the attracting and 
attracted bodies to equal distances, their attractions at unequal 
distances may be observed, and the attractions which they would 
exert at equal distances may be thence inferred by tiie general law 
of gravitation, by which the attraction exerted by the same body 
increases as the square of the distance from it is diminished. 

39. To solve tMs celebrated problem, it is necessary to bring 
the whole mass of the globe into direct comparison with some 
object whose mass is exactly known. This was accomplished first 
by Dr. Maskelyne, and afterwards by Cavendish. The former 
compared the attraction of the earth with tlAit of a mountain in 
Perthshire, called Schehallion; the latter compared it with the 
attraction of a large ball of metal. Both obtained nearly the 
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same result, showing tiiat the earth is a mass of matter about 5| 
heavier than an equal volume of water, or, what is the same, that 
the mean density of the earth is 5{, or, more ezaotlj, 5*67 times 
the density of water. 

Among the substances which have nearly the same density as 
the earth may be mentioned, arsenic, chromium, chloride of silver, 
oxides of copper and zinc, and peroxide of iron. 

40. The average weight of each cubic foot of the earth being 
5*67 times the weight of a cubic foot of water, is 354*375 lbs., or 
0*1587 of a ton. It follows, therefore, that the total weight of 
the earth is more than 6000,000000 billions of tons* 
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FIRE. 
L Kra an tudent element — 2. Comlnutioa. — 3. Fnsl. — 1. CarlxHi. — 
S, Hrdrogen. — S. Clutraaal fire. — T. Its effect on Ha ^.— S. 
BqwHmoital illiutrtition of oombiution of charcoaL — 9. CombuticM 
of bjdcogen. — 10. Hot the oombnitirat ie ooDtinued. — 11. CarboB 
bona withoot flams.— 12. What is flame! — 13. CorobnaUon of 
hydrogen prodnoeBwater— 14. AH corobnsUhles prodace carbonic add 
and water. — -16. Cartraretted hydrogen, — 16. Carbon renders flame 
■white.— 17. Olefiant gae— 18. Li^t eaibnretted hydrogen,— 18. 
Pire-damp.— 20. Will-'o-the-Wiap.- 21, Eiperiniental ilJuMratJon.— 
SS. He&vy carburetted hydrogen.— 23. Pitn^ial — 24. Cdol-fire ex- 
plained. — 36. Prodacta of its oomboBtion.— 20. Ite effect on the ur, 
— S7. Wood-fael.— 28. Comboatibles uBSd for illiiminatioB. — 2S. 
Thar eflieot on the air. — 30. Conatraetion of gratea aod ehimneya. — 
SI. Andyaia of a eommoD coal-fire. — 32. It wamu and ventilatea. — 
38. Neeeamt^ for ventilation. — 34. lajmioiu efiect of plants at night. 
— SC. BOect of crowded and brilliantly lighted rooms.— 36. Biqila- 
natJan of the burning of a candle. — 37. Andoflampa. 

1. Is the phyaioal theory which prerailed among the ancient*, 

and which maintained its ground ^ eereral tiionsand Tears, Fire 

iraa aceonnted as one of the eletnenta ; that is to say, u a material 
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essenoe, wluch witii three others, air, water, and earth, con- 
stituted all natural bodies. 

It was only towards the close of the last century, and within the 
lifetime of the elder part of tiie present generation, that the true 
character of fire was discovered. 

2. It is now known that fire is neither a distinct substance nor 
essence, as supposed by the ancients. It is a phenomenon con- 
sisting of the sudden and abundant evolution of heat and light 
produced when a certain class of bodies called combustibles enter 
into chemical combination with the oxygen gas which, as has been 
explained in our Tract on Air, constitutes one of the constituents 
of the atmosphere. The term combustion in the modem nomen- 
clature of physics has been adopted to express this phenomenon. 

3. The class of combustible substances which are commonly 
used for the production of artificial heat is called fuel. Such, for 
example, are pit coal, charcoal, and wood. 

Another class of combustibles is used for the production of 
artificial light : such, for example, are oil, wax, and the gas ex- 
tracted from certain sorts of pit coal, £rom oil, and from certain 
sorts of wood, such as the pitch pine. 

4. The principal constituents of all these combustibles, whether 
used for the production of heat or light, are those denominated by 
chemists cabbon and htdbogen. 

Cabbon is the name given to charcoal when it is absolutely pure, 
which itnever is as it is obtained by the ordinary industrial processes. 
It is in that state combined with various heterogeneous and incom- 
bustible substances. In the laboratories of chemists it is separated 
from these, and obtained in a state of perfect purity, being there 
distinguished from the charcoal of commerce by the name cabbgn. 

Carbon having never been resolved by any chemical agent into 
other constituents, is classed in physics as a simple and elementary 
body, which enters largely into the composition of a most numerous 
class of bodies which are found in nature, or produced in the 
processes of industry, the sciences, and the arts. 

5. Htbbggen has been already very fully described and ex- 
plained in our Tract upon "Water ; we shall presently explain still 
more in detail its leading properties. Like carbon, it is classed as 
a simple and elementary substance ; and also, like carbon, enters 
largely into the composition of a numerous class of bodies. . 

6. A quantity of charcoal being placed in a furnace through 
which a draught of air is maintained, if a part of it be heated to 
redness, the entire mass will soon become incandescent, and will 
emit a reddish light, which will be whiter as the air is passed 
through it more briskly, and will emit considerable heat. The 
eharooal will gradually decrease in quantity, and at length will 
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disappear altogether from the furnace, under which a small portion 
of a^es consisting of incombustible matter will remain. If the 
charcoal had been pure — ^that is, if it had been carbon — ^it would 
have altogether disappeared, no ash whatever remaining. 

This phenomenon is an example of fibe. The heat and light de- 
yeloped during the process here described are commonly called fire. 

7. To comprehend what takes place in this process, we must 
consider that, as the air passes through the charcoal, the oxygen 
gas, which forms one-fifti. part of it,* enters into combination 
with the pure carbon. A compound is. thus formed consisting of 
carbon and oxygen. The formation of this compound is attended 
with so great a production of heat, that not only the compound 
itself, but the charcoal, from which it is evolyed, is raised to a 
very elevated temperature. 

The compound thus produced is a gas called carbonic acid, which 
has been already briefly noticed in our Tract on Air. 

The air which entef s the fomace being a mixture of azote and 
oxygen,* that which rises from it after the combustion has been 
produced is a mixture of azote and carbonic acid; the azote having 
passed through the "furnace without suffering other change than 
an increase of temperature, while the oxygen has been converted 
into highly heated carbonic acid. 

Several questions, however, arise out of this explanation. How 
is it known that such combination really takes place between the 
carbon and oxygen ? If it do, in what proportion do they com- 
bine ? How does it appear that the azote, which forms four-fifths 
of the air which passes through the furnace issues unaltered ? 

8. To supply satisfactory answers to these questions, it is only 
necessary to bring the two constituents of common air separately 
into the presence of carbon under the conditions necessary to 
favour combination, and to ascertain their weights before and 
after the development of the phenomena. 

Let a glass flask containing sixteen Fig^. 

grains of oxygen gas be inverted over mer- 
cury, as represented in fig. 1, and let a 
piece of carbon weighing more than six 
grains, supported in a platinum spoon, be 
introduced into it by means of a piece of 
bent platinum wire ; let the sun's rays, 
concentrated by means of a burning-glass, 
be then directed upon the carbon through 
the glass fiask. The carbon will be ignited 
by the solar heat, and will bum in the oxygen with great splendour. 

* See Tract on Air. 
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WLen the oombustion has ceased and the gas contained in the 
flask has cooled, it will be found that the mercury in the neck of 
the flask will stand at exactly the same elevation as it did before 
the combustion. The gas contained in the flask has therefore the 
same volume as before, nevertheless it is easy to show that it is by 
no means the same gas. 

In the flrst place, if it be weighed, it will be found to weigh 22 
instead of 16 grains ; and if the unbumed residue of the carbon be 
weighed, its weight will be found to be 6 grains less than it was 
before the experiment. The inference is, that 6 grains of the 
carbon have combined with the 16 grains of the oxygen previously 
contained in the flask, but that in thus combining, the carbon has 
not made any change in the volume of tiie gas. 

If the gas contained in the flask be examined by the usual tests, 
it will immediately appear that it is no longer oxygen. No com- 
bustible will bum in it, and it will not support life by respiration. 
In fine, it will be found to be identical with the noxious gas called 
choke-damp, and to possess all the chemical characters of the gas 
called Cabbonic Acid. 

If the same flask, similarly fllled with nitrogen gas or azote,* 
be submitted to a like experiment, the result will not be the same. 
The solar rays concentrated on tiie charcoal will still render it 
red hot, but it will not bum nor undergo any other change. On 
removing the focus of solar rays from it, it will become gradu- 
ally cool, and when removed from the flask will have the same 
weight as when introduced into it. The azote which fills the 
flask will also be found to be unaltered. 

It follows, therefore, that tiie fise produced when carbon 
bums in common air is nothing more ilian the heat and light 
developed in the formation of carbonic acid, by the combination 
of the carbon with the oxygen of the surroimding air, and that 
tiiese substances combine in the proportion of 6 parts by weight 
of carbon to 16 of oxygen.t 

9. It has been already shownj that hydrogen combines with 
oxygen in the proportion of 1 part by weight of the former to 8 of 
the latter to form water, and ^t if the combination be formed in 
a pure or nearly pure atmosphere of the gases it is instantaneous 
and accompanied by an explosion. If, however, the combination 
take place, as it may, in common air, llie phenomena will be very 
different. 

If pure hydrogen, compressed in a bladder or other reservoir, 
be allowed ta issue from a small aperture, a light applied to it 

• See Tract on Air. 
f More precisely 6*04 or 6*12 of carbon to 16 of oxygen. 
t See Tract on Water. 
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will cause it to be inflamed. It bums tranquilly -without ex* 
plosion, producing a pale yellowish flame and very feeble light^ 
but intense heat. This is the effect attending the gradual and 
continual combination of the hydrogen, as it escapes from 
the aperture, with the oxygen of the surrounding air. It may 
be asked why the hydrogen issuing from the aperture does 
not combine with the oxygen of the air without the application 
of a flame to it? And also, why being once inflamed by the 
application of such a body, its continued application becomes 
unnecessary ? 

These questions are easily resolved. The hydrogen gas has an 
affinity or attraction for oxygen, which is not strong enough to 
cause their combination at common temperatures, but when the 
temperature of the hydrogen is greatly elevated, its attraction for 
the oxygen becomes so exalted, that it enters into instant and 
spontaneous combination with it. Now by applying the flame 
of a lamp or candle, or any other burning body, to the jet of 
hydrogen, its temperature becomes so greatly raised, and its 
attraction for oxygen consequently so exalted, that it enters 
directly into combination with the oxygen of the air which is 
in immediate contact with it at the moment. 

10. But it is also asked. How the continuance of the combina- 
tion and the consequent maintenauce of the flame takes place — ^the 
candle or lamp which produced its commencement being with- 
drawn ? This is explained by the great quantity of heat produced 
by the combination of the hydrogen with the oxygen. The com- 
mencement of the combination being produced by the candle or 
lamp, the hydrogen and oxygen themselves in the act of com- 
bining develop an intense heat, and the succeeding portion of 
hydrogen gas being in contact with them becomes heated and 
combines like the former with a fresh portion of oxygen. In the 
same manner, the heat developed by these being shared by the 
succeeding portion of gas, a further combination and development 
of heat takes place, and so on. Thus the combustion being once 
commenced, the heat necessary for its maintenance and contin- 
uance is developed in the process itself, which accordingly goes on 
without the necessity of being again kindled by the application of 
any flame. 

The continuance of the combustion of carbon, whether in pure 
oxygen gas or in common air, is explained in the same manner. 
11. The combustion of carbon differs from that of hydrogen in 
this, that the former takes place without the production of flame. 
The charcoal beiog heated to redness, andstillinthe solidform, enters 
directly into combination with the oxygen of the surrounding air, 
and the carbonic acid which is formed being a gas which is not 
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iTuninons nor yisible, the oarbon disappears. But in the case of 
hydrogen, the heat produced by the combustion is so intense as to 
render the gas itself luminous, just as intense heat will render a 
mass of iron red hot or white hot. When gas becomes thus 
luminous it is called /afn«. 

12. Flame, therefore, must be understood to be nothing more 
than matter in the aeriform, gaseous, or vaporous state, rendered 
so intensely hot as to be incandescent, and to emit light, just as 
would a bar of iron taken irom a furnace. 

13. It is easy to show that, coniformably with what has been, 
already demonstrated in our Tract on Water, the product of the 
oombiistion of hydrogen is the vapour of water, which by exposure 
to cold can be reduced to the liquid state. 

If a glass jar be held over a jet of inflamed hydrogen, as repre- 
sented in fig. 2, the aqueous vapour formed by the combination of 
the hydrogen with the oxygen of the surrounding air, will be con- 
densed upon the inside of the jar, and will appear first as a 
cloudy dew upon it, and, as tihe process is continued, it will 
increase in quantity, and, trickling down tiie side of tiie jar, may 
be received in drops by a dish placed beneath it. 

Fig. 2. 




14. As we have stated above, the principal constituents of every 
species of combustible, whether used for heating or lighting, are 
carbon and hydrogen, and the products of their combustion are 
therefore carbonic acid and water, the latter being evolved in the 
form of vapour. 

15. It happens, however, rarely that the hydrogen is evolved in 
the pure state. It is more generally combined with a certain dose 
of carbon, forming a compound gas c^ed cabbitbetted htdbogen. 
This gas bums with a much whiter and more luminous flame than 
that of pure hydrogen, and it is therefore much better fitted for 
the purpose of illumination. 

16. That the flame owes its whiteness and illuminating power 
to the carbon with which tiie gas is charged, is proved by the fact, 
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that the more oarbon the gas is chai^d tritii the whiter and 
brighter ia the flame. 

17. There ate two sorts of oarhuretted hydrogen, one of which 
contains twice as much carbon as the other : the one called light 
carbu]%tt«d or proto-carbnretted hydrogen, and the other heavy 
carburetted or bi-caihnrettcd hydrogen, or olefiant gas. 

18. In light carburetted hydrogen 6 parts, or more exactly 6'12 
portsbyweight of carbon are combined with 2of hydrogen, and heavy 
carburetted hydrogen contains twice that proportion of carbon. 

Light carburetted hydrogen is a little more than ha^ the weight 
of its own bulk of common air. When pure it has no odour ; and it 
bums with a yellowish flame much more Itmiinoas than that of 
pore hydrogen. lAke pnre hydn^n it forms a highly exploaiTe 
mixture when combined in a certain proportion wil£ common air, 
or, more properly, with the oxygen of commou air, since the azote 
has no influence on the phenomenon. 

19. Itisthis gas which, under the name of FIbe-daup, produces 
occasionally such disastrous explosions in coal mines. Being con- 
tained inlatge quantities in the fissures andintereticeBof the seams 
of coal, it issues from tiicm in the workings of the mines, and being 
one half lighter than common air, it first collects at the top of the 
working. After a certain time, by a common property of all 
gases, it mixes with the air, and atteins occasionally that propor- 
tion which renders it explosive. If a light he brooght into it 
in tiiis state an explosion takes place, producing lliose destructive 
consequences to the operatives who happen at the moment to be 
present, with the details of which the public has been so often 
rendered familiar. 

20. This gas is also that which over marshy gronnd and stagnant 
pools produces the appearance called Will o' the wisp. Jack o' 
LiNTHoaif, or ignis fatuus. The gas ia produced by the decompo- 
sition of vegetable and animal matter, and rising from the ground or 
from the water is spontaneously ignited. 

21. It is easy to verify this by ^B- ^ 
actnally coUeoting the gas from 
any stagnant pool. For this 
purpose, take a common fnnnel 
used for decanting liqnore, and 
a bottle or beer glass ; immerse 
the latter in the water, and, _ 
when it is filled, invert it under 

the water and raise it above the ^ " , _ ~ 

sux&ce, keepii^ the mouth under ' 

the water. Then bring the mverted funnel under its mouth, the 
nedi entering the bottle or glass , agitate the funnel, and the gas 
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unll rise from tbe water in bubbles and will odlleot in the upper 
part of tiie bottle or glass. 

The manner of performing this experiment is shown in fig. 3. 

When the gas is tbus collected its Inflammable nature may be 
ascertained by applying a ligbt to it as it issues from the bottle. 

22. Heavy carburetted hydrogen bums with a much whiter and 
more luminous flame. Its weight is very nearly equal to that of 
common air, and, therefore, nearly double that of the ligbt car- 
buretted hydrogen ; hence it has acquired the epithet ** hi^vy." 

The products of the combustion of both sorts of carburetted hy- 
drogen are carbonic acid and water, the former proceeding from the 
combination of the carbon, and the latter &om tiiat of the hydrogen: 
with the oxygen of the air. 

These points being understood it will be easy to render intel- 
ligble the effects which are developed in all ordinary cases in which 
PIHE or coMBirsTiON takes place. 

23. The species of combustible used as fuel with which we 
are most familiar in this country is fit coal. 

This mineral, exclusive of some extraneous and incombustible 
ingredients which it contains in very small proportions, consists of 
carbon and carburetted hydrogen of both kinds. 

The proportion of carbon varies in different sorts of coal from 
80 to 90 per cent., the hydrogen varying from 3 to 6 per cent.| 
and the remainder consisting of oxygen and azote. 

In the heavy coal of Wales, called anthracite, the proportion of 
carbon is aoove 90 per cent., while that of the hydrogenous gases 
is only 3 or 4 per cent. In the bituminous coal of Northumber- 
land the proportion of carbon is about 87 per cent., and that of 
hydrogen from 5 to 6 per cent. 

24. When a Are composed of such fuel is properly kindled and 
supplied with a draught of air necessary to sustain the combustion, 
the carbon will continue to combine with its proper proportion of 
oxygen, producing the corresponding quantity of heated carbonic 
acid, and rendering the solid part of the fael red and luminous ; 
and the hydrogenous gases will at the same time combine with their 
respective proportions of oxygen, producing carbonic acid and 
watery vapour, and rendering the gases as they issue from Ihe 
fuel luminous, or, what is the same, converting them into flame. 

The flame will be faintly luminous and bluish if any part of 
the gases be pure hydrogen, it will be yellowish and a little more 
luminous if tiiey be light carburetted hydrogen, and it will be 
very white and very luminous if they be heavy carburetted 
hydrogen. 

Thus all the phenomena exhibited by a common coal-fire, — 
the red unflaming fuel — ^the fEiint blue flames occasionally seen, 
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— and, in fine, the wliite brilliant flame which most commonly 
issues from the fiissures of the coal, are severally explained and 
accounted for. 

25. It has been shown that in combustion 6 parts, by weight, 
of carbon combine with 16 of oxygen, or, what is the same, 1 part 
wilh 2f • It has also been demonstrated, that in the combustion 
of hydrogen, 1 part by weight of that gas combines with 8 of 
oxygen. Now by these simple numerical data may be easily 
explained the effects of a common coal-fire upon the air which 
feeds and sustains it. 

26. It is thus found, that in burning 10 lb. of coal the oxygen 
contained in 1551 cubic feet of air is altogether absorbed. 

To keep the atmosphere of a room in which a fire of •such coal 
is burned fresh and pure, it would be, therefore, necessary to 
gupply fresh air at the rate of 155 cubic feet for eyery pound of 
coal which is burned.* 

27. Wood is a combustible generally used for the production of 
artificial heat in countries where coal is not so cheap and abun- 
dant as in England. This fuel, like coal, consists principally of 
carbon and hydrogen in various proportions, according to Ihe sort 
of wood. All kinds of wood contain also a proportion of oxygen,, 
as a constituent, much greater than is found in coal. 

Wood, when green, contains a considerable proportion of water. 
In the combustion of such wood, a large proportion of the heat 
developed is absorbed in the evaporation of this water, and is, 
therefore, lost for heating purposes. Wood used as fuel should, 
therefore, be kept until this water, or the chief part of it, has 
been evaporated. For the same reason wood kept for fuel should 
be as little exposed to moisture or damp as possible. 

28. All fatty, oily, and waxy substances are combustible, 
whether in the liquid or solid state. They consist of the same 
constituents as coal and wood, but combined somewhat differently, 
and in different proportions. Most of this class, burning with 
flame of more or less brilliancy, are used for the purposes of 
artificial illumination. 

Whale, sperm, olive, ajid cocoa-nut oils, wax, spermaceti, and 
tallow are examples of this class of combustibles. 

29. Whatever be the sort of combustible, or whatever be the 
purpose to which it is applied, whether for heating or lighting, it 
will be evident from the explanations which have been here given, 
that the combustion cannot be maintained with the necessary 

* In the precediag explanation we hare omitted to take into aooonnt the 
effect of a small proportion of oxygen which enters into the composition of 
coal. This, however, is bo insignificant, that it wonld be needless to 
eomplicate the calculation by introducing it. 
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activity nnlew expedients be provided for the supply of the 

quantity of oxygea whioh must eater into oomblDBtion with it. 

30. The ooiutruotion of gratia, stoves, and cUmneys is therefore 

designed to attain this end by 

Fig 4. causing such avolmne of common 

air to pass through the fuel as is 

neoessaiy and sufficient to combine 

with it. The more air which thus 

passes tfaroogh the fuel, the more 

rapid and abundant will be the 

OOmbination, and the more active 

Bud vivid the combustioii. 

31. The current of air whiob 
passes through a common grate ii 
produced by the draught of the 
' Dinoy. The column of air in- 
cluded in the chininey, being 
raised to a higher temperature 
than that of the external air, is 
rarefied and lighter, hulk for 
bulk, than the external air, and 
proportionately more bnoyant. 
It has therefore a tendency to 
ascend like that which oil wonld 
have in water. As it ascends the 
r from the room most rush in 
to fill its place. A port of this 
ir will pass throngh the bottom 
and front of the grate, and a part 
will enter at the opening of Qie 
fire-place over the grate. This 
will be mote easily understood by 
fig, 4. The front of the grate is 
A. 13, and the bottom s c, having 
the ash-pit below it. The opening 
tr tha grate is i I, and b F a h 
is' the fiue of the chimney. The 
asoensional force of the column of 
in the flue is measured by the 
diSerence between its weight and 
" t of an equal volume of the 
external air. The air which re- 
places that which ascends in the 
flue enters the bottom b c, the 
front B A of the grate and t^e 
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opening A i above it, as indicated by the arrows. Tbe former 
portions, passing through the burning fuel, supply to it the 
oxygen gas necessary to combine witii it, and thus maintain the 
combustion. These portions after passing through the interstices 
of the fuel, and after the oxygen or a part of it, has combined 
with the fuel, issue from the top of the fuel, being then a mixture 
of azote, such portion of oxygen as may not have combined with 
the fuel, carbonic acid and aqueous yapour, the latter being the 
products of the combination of the oxygen with the carbon and the 
hydrogen of the fuel. 

All these gases issuing from tiie burning fuel at a high tem- 
perature, and mixiTig with the cold air which enters the chimney 
through tiie opening a i, render tiie column of air in the flue so 
warm as to give it ^e buoyancy necessary to sustain the draught. 

When the fire is first kincQed in the grate, if the air in the 
chimney have the same temperature as the external air, it will 
have no buoyancy, and there will be no draught. In this case 
the chimney will generally be found to smoke. This inconvenience 
may be sometimes removed by opening the windows, so as to fill 
the room with air as cold as the external air, and therefore 
colder than the air in the chimney. If, however, this be found 
insufficient, the air in the flue may be waxmed and the neoessary 
draught produced by holding under the chimney any blazing 
combustible. 

The draught through the grate may be greatly increased in 
intensity by stopping up, either partially or completely, the opening 
A I. By this expedient, all the air necessary to replace that which 
ascends in the chimney must pass through the fuel in the g¥ate. 
If the magnitude of the opening be for example three times the 
magnitude of the front and bottom of the grate, four times as 
much air will thus pass through the fuel as would pass through it 
when the opening af is not closed, supposing the draught in the 
chimney to be the same in both cases. 

But, in fact, the draught in the chimney will be greatly 
augmented by this process : for, so long as the opening a i is not 
closed, the air which fills tiie chimney will consist of a mixture of 
that which passes through the burning fuel, which is raised to a 
high temperature, and the much larger portion which passes into 
the chimney through the opening a i, and which, being cold, 
lowers the temperature, and therefore diminishes the buoyancy of 
the air in the chimney. But when all the air which passes 
through A I, by closing that opening, is made to pass through the 
burning fuel, it is raised to a high temperature, which not being 
lowered by admixture with any air not passing through tiie fuel, 
fills the chimney with air raised to a very elevated temperature, 
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and whidh therefore produoes in the ohinmey a much stron^r 
upward ourrent. 

Thus the effect of closing the opening a i is to stimnlate the fire 
not only by causing to pass through it all the air which previously 
entered the opening A i, but also by augmenting the draught in 
the chimney. 

32. From what has been explained above, it will be perceived 
that an open fireplace such as is represented in fig. 4 serves the 
double purpose of warming and ventilating. 

All the air which enters tiie chimney, whether it passes through 
the grate or through the opening above the grate, must be replaced 
by an equal volume of fresh air from without, which must ^d its 
way through tiie interstices of doors and windows, or through 
other openings provided expressly for its admission. GThat part of 
the air which passes through tiie grate subserves the double 
purpose of warming and ventilation. It warms by stimidating 
and maintaining the combustion of the fuel, and it ventilates by 
leaving in the room a void into which an equal volume of fre^ 
air must enter. That portion of air which enters the chimney 
through the opening above the grate has no effect direct or indirect 
in warming, but its effect in ventilating is just so much greater 
than that of the air which passes through the grate, as the magni- 
tude of the opening above the grate is greater than the magnitude 
of the spaces between the bars in the front and bottom of the grate. 

33. The necessity for ventilation is so much the greater as the 
room is smaller and lower, and as the causes of the pollution of 
its air are more numerous and active. The air of a room is de- 
prived of its oxygen and rendered unfit for respiration by several 
causes. Each person who is present in the room absorbs oxygen 
by respiration. It is calculated that an adult of average size 
absorbs about a cubic foot of oxygen per hour by respiration, and 
consequently renders five cubic feet of air unfit for breathing. It 
is also computed that two wax or sperm candles absorb as much 
oxygen as an adult. It follows, therefore, that to keep the air of 
a room pure, five cubic feet for every person, and two and a half 
cubic feet for every candle in the room should pass per hour into 
the chimney, or through some other opening, and an equal volume 
of fresh air shoxdd be admitted. 

34. Plants give out oxygen by day, but absorb it by night. 
Their presence in a room by day is therefore innocuous, but at 
night they have tiie effect of polluting tiie air, and should never 
be admitted except where there are ample means of ventilation. 

35. A crowded room, illuminated with many candles and lamps, 
and, as generally happens, without a fire, soon becomes filled with 
air in which there is a deficient proportion of oxygen and a 
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Fig. 6. 



oorresponding yolmae of oarbonio aoid, unless means be piOTided, 
wluch is rarely the case, for other ventilation besides that of the 
chimney. Hence it arises that per- 
sons of delicate habits, especially 
those whose lungs are defective, in 
such a room, soon become sensible 
of general uneasiness, and are 
often afifected with headache. 

36. The manner in which the 
flame of lamps and candles is 
produced and maintained will 
require some explanation. 

When a candle is lighted, the 
heat developed at the extremity 
of the wick melts the wax or 
tallow immediately below it, and 
thus liquefied, it is drawn up 
through the insterstices of the 
wick by the force called capillary 
attraction. When it comes in 
contact with the flame, it boils, 
and is converted into vapour, 
which rises over the wick. This 
vapour having a very high tem- 
perature, and exercising a strong 
attraction for the oxygen of the 
surrounding air, enters into com- 
bination with it, and becoming 
luminous, forms the flame around 
and above the wick. Within the 
flame arises a constant current of 
the vapour of the combustible, and 
outside it currents of air carry to 
the surfjEUie of the flame the oxygen 
which produces the combustion 
and the Hght. The combustible 
vapour and the oxygen meeting 
at the surface of the flame, there 
enter into combination, and the 
vapour bums. Within the flame 
no combustion takes place, and no 
light is produced. 

In fig..5 the wick and flame are 
represented. Within the flame 
onirents of oombustible vapour proceed ftom. the wiok to all parts 
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of ^e surface of the flame. The arrows at the sides of the flame 
outside its surface represent the currents of the surrounding air 
produced by the heat of the fllame ; the oxygen, being attracted 
by the intensely heated combustible vapour, approaches it, and, 
by combining with it, sustains the combustion and produces 
the light. The arrows above the flame indicate the current of 
heated air, carbonic acid and aqueous vapour, the products of 
the combustion which form an ascending column above the 
flame. 

It will be apparent from what has been here stated, that the 
luminous part of the fllame is merely superficial. The vapour 
within the surface of the flame not having yet come into contact 
with the oxygen, and therefore not having entered into com- 
bustion, cannot be limiinous. The flame, therefore, so far as 
relates to light, is hollow, or rather it is a column of combustible 
vapour, the surface being the only part which bums, and there- 
fore the only part which is luminous. As this vapour ascends 
from the interior of the flame, it comes successively into contact 
with the oxygen of the air, is burnt, and becomes luminous, the 
column of light gradually contracting in diameter until it is 
reduced to a point. The flame thus tapers to a point until all the 
vapour produced by the boiling matter on the wick receives its due 
complement of oxygen, and passes off. It speedily loses that 
high temperature which renders it luminous, and the fllame 
terminates. 

37. In lamps of various construction, expedients are adopted 
to increase the magnitude of the luminous surface of the flame, 
and the intensity of the combustion. This is effected by modify- 
ing the form and magnitude of the wick, by feeding it with an 
abundant supply of oil, and by maintaining strong currents of 
air at all parts of its surface to sustain the combustion. 

The most common form of wick used for lamps of strong illu- 
minating power, is that of a hollow cylinder, varying from an 
inch to three iitches in circumference. This wick being attached 
at its base to a small thin ring of metal is let down into the 
reservoir of oil, through a space included between two concentrie 
tubes, one of which has a less diameter than the other, the space 
between them being a little wider than the thickness of the wibk. 
The wick is from two and a half to three inches long, and descends 
through this space between the tubes to a certain depth. This 
space communicates with the reservoir of oil from which the oil is 
forced up either by the action of a pump worked by a main spring, 
through the intervention of wheelwork, as in the Carcel lamp, or 
by the more direct action of a strong spiral spring as in the 
Moderator lamp, or by the pressure of oil contained in a reservoir 
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above the level of the wick, as in the old English ring-lamp called 
the Sinumbral lamp, and a variety of other forms constructed on 
xne like principle. 

The flame issuing from such a wick is obviously a hollow 
cylinder, and requires to be fed with air, botli at its exterior 
and interior surfaces. A current of air in contact with the 
interior surface of the flame is maintained by carrying the 
lesser of the two tubes between which the wick is included, 
down through the burner, and leaving it in communication 
with the external air. The exterior of the flame is exposed to 
the air and produces currents by its own heat, in the same 
manner as the currents already described, surrounding the flame 
of a candle. 

But in the case of lamps with cylindrical burners these currents, 
both exterior and interior, are greatly augmented in intensity 
by the addition of a cylindrical glass-chimney of considerable 
height, the inner diameter of which a little exceeds the exterior 
diameter of the wick. This chimney being open at its base, and 
conflning a column of air of its own height, acts upon the combustion 
of the lamp exactly as a common chimney acts on the combustion 
of fuel in a grate. The air which enters at the bottom, between this 
chimney and the burner, rises in a cylindrical current around the 
exterior of the wick, and passing in contact with the exterior surface 
of the combustible vapour proceeding from the oil, ignites it at that 
surface. The column of air which ascends at tlie same time 
through the inner tube passing in contact with the inner surface 
of the vapour ignites it in like manner. In this manner, a thin 
cylinder of oily vapour rising from the wick is kept in a state of 
vivid and constant combustion, botli on its interior and exterior 
surfaces. 

The force of these currents, exterior and interior, depends on the 
buoyancy of the column of air included in the chimney, and which 
also extends to a considerable height above it. The air after pas- 
sing the flame of the lamp, being at a very high ♦temperature, 
the glass-chimney itseK becomes intensely hot. The column of 
air within the chimney being thus heated, it ascends to a consider- 
able height above the chimney before it is cooled down to the tem- 
perature of the surrounding air. The force of the draught which 
maintains the currents around the flame is then determined by the 
diflerence between the weight of the column of air, extending 
frt)m the base of the chimney to that height above it, at which the 
temperature of the ascending column becomes equal to that of the 
external air, and the weight of an equal volume of the external 
air. 

This explanation of the combustion of the oil in a cylindrical 
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Fig. 6. 



burner will be more dearly oomprehended by reference to fig. 6, 
where c c represents the interior, and ▲ ▲ the exterior tabs, 

between which the wick is in- 
cluded. The oil is forced up to the 
wick in the space between these 
tubes; o h o h is the chimney, 
open at the base b b. The air 
ascends as indicated by the arrows 
between a H and n a, and passes in 
contact with the external surfetce 
of the flame, and it rises through 
the internal tube c c, passing in 
contact with the internal surfaoe 
of the flame, as indicated by the 
arrows. The cylindrical flame, 
ascending from the wick, is repre- 
sented at A H c N, and the course 
of the ascending column in the 
chimney is represented by arrows. 
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1. NsxT to air water is the mort OQmmoiL of nataial nibst^ It 
is less uniyerBally present, and altfaoogh llie naes to which it 
sobeerres are not less nnmerons and important^ the want of it on. 
the part of the animal and yegetaUe creation cannot be regarded 
as 80 incessant. 

Water, according to certain vaiying physical conditions^ may 
exist either in the solid, liqnid, or Taporons state. It is perhaps in 
the List state that it is most nniyersally diffiised oyer the sinfiskce 
of the globe ; but not being so obyious to the senses as it is y/hen. 
in the former two states, it is not recognised except by those wlio 
are familiM* with tiie scientific tests of its presence. 

It is therefore in the liqnid fonn that we are most ^mmiI^^^t 
with it. 

2. At ordinary temperatores, and exposed to common atmos- 
pheric conditions, pnre water is a cobnrless and tasteless ]iq[nid, 
haying great transparency. 

3. Its weight in relation to its bulk is yery easily remembered, 
for it has been found that a cubic foot weighs almost exactly a 
thousand ounces, the temperature being 60°, the ordinary tem- 
perature of the atmosphere in these climates. 

It may. also be easily remembered that an imperial gallon of 
pure water, at this temperature, weighs 10 lb., and consequentiy 
that an imperial pint or the eighth part of a gallon weighs 1^ lb. 

4. All liquids expand or swell when heated, and contract when 
cooled. This is a general fact with which every one is familiar. 
Water is not an exception to this. A gallon of boiling water will 
be less than a gallon when it becomes cold, and a gallon of cold 
water wiU be more than a gallon when it is heated. 

Water is therefore rendered more dense, that is to say, heayier 
in a giyen bulk, by cooling it, and less dense, that is lighter in. a 
given bulk, by heating it. 

5. There is, however, at a certain point in the thermal scale, a 
very striking exception to this general law in the case of water. 
If it be gradually cooled, its dimensions will continually contract, 
and it will become denser and denser until its temperature is 
reduced to 38"^-^ of Fahrenheit s thermometer. But when it is 
cooled bebw that point, instead of contracting, it is found to 
expand ; instead of becoming denser and heavier, it becomes less 
dense and lighter. 

Water, therefore, bulk for bulk, is heavier and denser at the 
temperatiire of 38*-^ than at any other temperature, whetlier 
higher or lower. 

This is therefore called the '< temperature of greatest density." 

6. When the temperature is reduced to 32° water becomes solid. 
This change from the liquid to the solid is called congelatioiD 
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or freezing, and the temperature 32^ at whicH it takes place, is 
called the freezing point of water. 

7. If water be exposed to any source of heat, such as a fire or 
a lamp, it will, as may be naturally imagined, become continually 
hotter and hotter, but this increase of heat will not be unlimited. 
It will, on the contrary, after a certain continuance of the action 
of the fire or lamp upon it, attain a degree of heat or temperature 
which it will never exceed, however intense or long continued the 
action of the fire may be. In the ordinary state of the atmos- 
phere, this temperature is that marked 212^ on the thermometer. 
If a thermometer be immersed in the water, it will stand constantly 
at this temperature, although the action of the fire upon the water 
still continues. 

When the water attains this stationary point of temperature it 
will be observed to be affected by a violent agitation throughout 
every part of it. Bubbles of vapour are formed at the parts of 
the vessel which are next the fire, and these rising with a certain 
violence, escape continually from the sur^Eice and produce the 
peculiar agitation of the liquid which has been just mentioned. 

This state of water is called EBtJLLiTiON or BOiLiKa, and the 
stationary temperature of 212°, at which it takes place, is called 
the BOiLiKa POINT of the thermal scale. 

8. UntH the water exposed to the action of fire has attained the 
boiling-point, the heat imparted to it is employed in raising its 
temperature, or, in familiar language, in rendering it hotter. But 
after it has attained the limit of its temperature, and ceases to be 
rendered hotter, the fire still contmues to impart the same heat to 
it, and it may be asked, What becomes of this heat P How is it 
absorbed, employed or disposed of? since it is certain that the 
water does not receive it. 

This is easily explained. The water which the vessel contains 
does not become hotter, and therefore can receive none of the heat 
imparted by the fire, but it is rapidly converted into vapour, 
and this vapour, escaping continually from the surface of the water, 
rises into the air. The quantity of water in the vessel is con- 
tinually diminished by the quantity thus escaping in the form of 
vapour, and if the process be continued, the water will altogether 
disiEippear from the vessel, being all converted into vapour. 

The heat, then, imparted by the fire, in this case, and which fidla 
to augment the temperature of the water in the vessel, is altogether 
absorbed by the vapour into which the water is converted. This 
vapour, it is true, is not hotter than the water in which it is 
formed, its temperature, like that of the water, being 212"^ ; but 
it is proved by experiments, made in the laboratories of chemists 
and philosophers, that much more heat is required to impart to 
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Taponr the temperature of 212"* than to impart the same tempefra- 
ture to water, and it is in raising the vapour formed from the 
water to the temperature of the water itself that the entire qiiantity 
of heat received from, the fire is absorbed. 

9. Thus it is foimd that a given weight of water at 212** wlien 
it passes into vapour, absorbs as much heat as wonld be sufficient 
to raise five and a half times the same quantity of water from the 
freezing to the boiling-point. 

10. It is not alone when raised to the boiling-point that water 
is converted into vaponr. It is vaponrisable more or less at all 
temperatures, and it has been asoertained that a vapour is produced 
even from ice. But the evaporation which takes place from water 
below the boiling-point, is produced in a different manner, and 
under different conditions. At the boiling-point, water is con- 
verted into vapour at all points and at every depth, and most 
abundantly at those parts where it is in contaict with the sur&oe 
of the vessel upon which the fire acts. But at other temperatures 
the evaporation is altogether superficial. The vapour is evolved 
from the surface of the water above, and rises into and mingles 
with the stratum of air which rests on the surface of the water. 
This evaporation is also infinitely less rapid and copious than that 
which is produced by raising the whole mass of water to the 
boiling-point, and Tnaint>aiTiiTig it at that point. 

11. The stratum of air which rests upon the surface of water 
may be regarded as a medium which has a certain limited power 
of absorbing the vapour of the water, exactly as a sponge receives 
liquid water into its numerous pores. The air, like the sponge, 
has a limited capacity for vapour, and it may become so charged 
with vapour as to be incapable of absorbing more. The air in this 
case is said to be saturated with vapour. 

Evaporation from the surface of water, therefore, takes place 
more or less freely and copiously as the air is more or less below 
the poiut of saturation; and when the air has already attained the 
point of saturation all evaporation ceases. 

12. The process of drying moist or wet objects is an example of 
the effects of evaporation. The moisture upon the snrfeuse, or in 
the texture or pores of the object is evaporated by exposure to the 
air, and the object becomes free from moisture, or dry. This 
evaporation takes place so much the more rapidly as the air is 
below the point of saturation, and so much the more slowly as it 
is nearer to that point. 

13. Every one is fa-miliwr with the feust, that wet roads and 
footpaths wiU on some days be dried in a few hours, while on 
others they wiU continue wet without any marks of drying. 
These are mere consequences of Ihe state of the air in relation to 
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the vapour "with wHch it is charged. In the former case it is 
under-charged, and therefore readily receiyes the evaporation from 
the roads and footways, which accordingly become dry ; in the 
latter it is surcharged, and is at or near its state of saturation ; 
it can receive no more vapour ; no evaporation is possible, and the 
roads remain wet although no rain fall. 

14. Washerwomen who spread linen in the air to be dried, well 
Imow that the fiicility of drying it varies on different days. 
Some days have no drying power, the air being saturated with 
vapour. Others dry the linen easily and quickly. Then the 
^ is little charged with vapour, and is far below the point of 
saturation. Between these there are many degrees in which the 
facility of drying varies. 

15. Wind stimulates evaporation, and therefore expedites drying. 
This is easily explained. So fast as the stratum of air over water 
becomes charged with vapour and raised towards its point of satu- 
ration, it is swept away, and a fresh portion of dry air is brought 
into contact with the wet surface. This in its turn is swept away, 
giving place to another dry portion of air, and so on. In this way, 
all moist objects exposed to wind or currents of air are speedily dried. 

Wet objects are quickly dried when exposed to artificial heat, 
the moisture they contain being rapidly evaporated. 

16. Water when absolutely pure is without taste, and insipid. 
But in its natural state water never is pure. Spring water raised 
from inferior strata of the ground has always various earthy and 
saline matters dissolved in it. In fact, every constituent of the 
strata from which it has been raised, or through which it may 
have passed, which is soluble in water, is necessarily dissolved in 
it in greater or less quantity. River water contains more or less 
of all the soluble constituents which it encounters either at its 
sources or on the beds and banks of the channels through which it 
has passed, besides the soluble parts of various dead animal and 
vegetable matter which it inevitably receives in its course. 

17. All water in its natural state contains more or less fixed 
air mixed with it. This is most commonly carbonic acid. This 
gas, which is the same as that which effervesces in soda water, 
lemonade, champagne, and bottled malt liquors, gives to the 
flavour of water a certain agreeable pungency. 

18. Water acquires very various flavours and other qualities, 
according to the nature of the substances which it holds in solu- 
tion. Spring water, in general, even when it is most pure, holds 
lime and silicious earths in solution. It is from these that it 
acquires the quality popularly called hardness. It will not easily 
mix with soap, and it is not suited to culinary purposes. 

19. Water which is free from this quality, and which holds but 
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little earthy matter in solution, is called, on the contrary, soft water. 
Bain water and riyer water is in general soft, although the latter 
is never free from some portion of earthy combination. 

20. Mineral springs are examples of water holding peculiar 
mineral salts in solution,* in quantities so considerable and of 
qualities so peculiar as to render it altogether unfit for common use. 
It acquires, however, from these, peculiar medicinal virtues. 

21. Water generally holds suspended in it various impurities 
which are not dissolved in it. Muddy water is an extreme 
example of this. But without being actually muddy, water often 
has many impurities, suspended without being dissolved in it. All 
such impurities are removed by piltsation. 

22. In chemical researches, where the quantities of liquid operated 
on are usually small, a species of paper, called filtering paper, is 
used. This is white unsized paper, which is formed into a conical 
bag, and placed in a glass fmmel of corresponding shape. The 
liquid to be filtered is made to pass slowly though the pores of the 
paper, by which it is strained of the foreign matter suspended in it. 

23. The filters used in the arts and in domestic economy for the 
purification of water have been very various. An open grained 
stone from TenerifPe was formerly much used for this purpose, as 
also porous unglazed earthenware. These have been more recently, 
however, completely superseded by a variety of artificial filtering 
apparatus, which for the most part consist of strata of gravel, sand, 
and charcoal powder, through which the foul water is pressed by 
its own weight, and by which it is very effectually strained of its 
soHd impurities. 

24. It has been stated that water is transparent and colourless ; 
and, so far as respects any moderate quantity of the liquid which 
is submitted to observation, this is true. But, strictly speaking, 
water is neither absolutely transparent nor absolutely destitute of 
colour. If we look into llie sea, where the water has any consider- 
able depth, we find that its colour is a peculiar tint of blue ; but 
if, however, we take up a glass of the water, which tlius appears 
blue, we shall find it limpid and colourless. The reason of this 
is, that the quantity of water contained in the glass reflects to the 
eye too small a quantity of the colour to be perceivable ; while the 
great mass of water viewed when we look into the deep sea, 
throws up the colour in such abundance as to produce a strong 
and decided perception of it. 

The same is true of all transparent coloured liquids. Sherry in 
a decanter has a deep golden colour. Seen through the tlun 
stem of a tapering champagne glass it appears paler and paler, 
until towards the point of the cone it loses all colour. 

It is probable tiiat the colour of water arises partly from the 
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substances irhaok it holds in solution. The fresh water of a lake 
has a colour different £rom that of the salt water of the sea. How 
far the colour of water may arise .from the yarious substances 
whidi it holds in solution is difficult to dedde, inasmuch as we 
cannot obtain a sufficient quantity of water absolutely pure to bo 
enabled to ascertain its proper colour. 

25. It appears from wlmt has been explained that filtration 
only disengages from water the solid impurities which may be 
mechanically mixed with or suspended in it ; and if all water in 
the natural state holds in solution more or less foreign matter, it 
may be asked how water absolutely pure can be obtained P 

It must be obseryed that, for all ordinary purposes, water 
chemically pure would be less suitable than such water as is com* 
monly obtained. For alimentary purposes, absolutely pure water 
would be neither agreeable nor sanitary. For culinary and 
domestic purposes such purity is not needed. 

26. Of all water found in the natural state, rain water is the 
purest. But this, as commonly obtained, having first fallen on 
the roofs of buildings, and then passed through pipes and conduits 
to the reservoirs in which it is collected, takes up and dissolves 
more or less of the impurities formed upon the surfaces over which 
it passes. To obtain rain water in perfect purity, it must therefore 
be received directly as it falls in dean vessels. But even then it is 
found to be impregnated more or less with air, and especially with 
carbonic acid, which it absorbs from the a,tmosphere« Minute por- 
tions of ammoniacal salts are also found in it, and if it fall near the 
sea, it has generally a smiall portion of common salt in solution. 
Bain which fcdls during thunder storms has often traces of nitric 
add, formed probably by the effect of the atmospheric electricity. 

27. Next to rain, water, river water is the purest. The 
Thames water, where it is not polluted by the drainage of the 
metropolis, is found to contain no more than two grains of foreign 
matter in solution in a pint. The matter which it thus holds in 
solution is prindpally carbonate and sulphate of lime, common salt, 
chloride of magnesium, and animal matter. A gallon of Thames 
water in its most impure state, when properly filtered, does not 
contain more than twenty-four grains of earthy or saline matter, 
and in its purest state not less than sixteen grains. 

' When water is contaminated by animal and vegetable matter, 
if kept for some time, it undergoes a spontaneous purification, 
losing its offensive odour and colour, and depositing more or less 
sediment. Water for the supply of ships is well known to imdergo 
this process of purification by fermentation, and the larger the 
quantity of destructible matter suspended in it, the more complete 
and rapid is its purification. A preference is given to Thames 
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'water hr marine stores on this aooonnt, the more pfnre riyer water 
fermenting less rapidly, and remaining more or less fonl and 
pntrid for a much longer time. 

For the supply of London, howeTer, where this spontaneous 
pnrifioation is not to be waited lor, it is obvious that the water 
should be taken from that part of the river above Bidmiond which 
is beyond the influence of the tides, and where it is not liable to 
be polluted by the contents of tiie sewers, the offiil of manufac- 
tories, and the mud stirred up by steamers. 

28. Water was supposed by the ancients to be one of the 
elements or siniple substances of which all others are composed. 
It was ascertained, however, towards the dose of the last century, 
that it is a compound of two substances as different in their form 
and properties from water itself as can well be imagined. Water 
is a heavy liquid. Its constitueats are light gases, one of them 
being the lightest material substance ever yet discovered. Water 
is an antagonist of fire. One of its constituents is the most highly 
combustible substance in nature, and the other is a gas whoee 
presence is necessary to fire, and hence called a supporter of com- 
bustion. In order to demonstrate the composition of water, it is 
necessary, in the first instance, to obtain that liquid absolutely pure, 
and it has been already stated that it is never so found naturally. 

29. All fixed air with which water is charged may be dismissed 
from it by boiling ; but to separate it from such matters as it 
may hold in solution, it must be submitted to the process of 

DISTIIXA.TIOK. 

30. The principle of distillation is easily explained. 

If water which holds in solution any earthy or saline substance 
be raised to its boiling point, it will be converted into vapour, but 
the substance it holds in solution will not be so conyerted. As 
the water is gradually evaporated, the substance held in solution 
remaining undiminished, the solution first is rendered stronger 
and more concentrated, inasmuch as the same quantity of saline 
matter is dissolved in a less quantity of water. As tiie process 
goes on, the entire quantity of water will at length be evaporated, 
and the earthy or saline matters which it hdd in solution will 
remain in the vessel in which the evaporation talces place. This 
is an experiment which may be tried by any person. Let a table- 
spoonftil of water, in which salt has been dissolved, be held for 
some minutes over the fiame of a spirit lamp. The liquid will 
boU, and will soon be entirely converted into vapour, the salt alone 
remaining in the spoon. 

31. But when it is the object, as in distillation, to obtain, not the 
matters held in solution by the water, but the pure water itself 
separated from these matters, it is necessary to prevent the vapour 
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from escaping, and to reoonyert it into water. Now, as water is 
oonyerted into vapour by keat, so, on the other hand, yapour is 
reconverted into water by cold. If, therefore, an apparatus be so 
constructed that as the yapour rises from the boiling water it 
shall be reoeiyed into a close yessel where it is exposed to the 
contact of a cold surface, it will be restored to the liquid form, and 
being collected in that state, it wiU be so much pure water ; pure, 
at least, so far as it has been separated from the substances which 
it held in solution before it underwent the process of eyaporation. 

32. The yapour of water is mxDj hundred times lighter, bulk 
for bulk, than water itself. It has resulted from accurately 
conducted experiments, that a gallon of water evaporated at the 
temperature of 212° will produce nearly 1800 gallons of yapour. 
It follows, therefore, that when yapour is reconverted into water 
by exposure to cold, a very great volume of it will produce a very 
small volume of water. Thus, to produce a gallon of pure water, 
we must have nearly 1800 gallons of vapour. 

33. It is for this reason that the conversion of yapour into water 
has been called cokbexsatign, and the apparatus in which such 
change is produced has been called a coxdenses. The vapour 
is condensed, because it is reduced to a bulk 1800 times less, and 
is, therefore, rendered 1800 times denser and heavier. 

The process by which water is first converted into yapour and 
then restored to the state of water is called distillation, £rom a 
Latin word distillaxio, which signifies '^%alling in drops. '* The 
conversion of the vapour into liquid in the condenser usually 
proceeds so slowly that the liquid fSalls from the spout of the 
condenser, not in a continuous streain, but in a succession of drops. 

34. In the industrial arts, and in chemical laboratories, where 
water absolutely pure is needed in considerable quantities, its distil- 
lation is conducted in an apparatus which is represented in fig. 1. 

This diBtining apparatus, or alembic, consists of a copper boiler, 
A, fixed in a brick furnace, having a dome-formed cover, B, 
adapted to it, from which a bent tube, bed, proceeds, and is con- 
nected with a spiral tube called a warm. This worm is inclosed in 
a large cylindrical cistern, p qjr, constructed in metal, and which 
is kept constantiy fiUed with cold water. The lowest part of the 
worm passes out of this cistern near its bottom, and terminates at 
a, over the mouth of a jar, c, intended to receive the distilled 
water. An opening, t, having a steam-tight stopper, is provided 
in the boiler, through which the water to be distiUed is introduced 
into it. 

The yapour issuing from the boiler through the tube, bed, passes 
into the worm, being first reoeiyed by the yessel, o, where the 
condensation begins. 
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Passmg next through the ooils of the womi, it is exposed to the 
contaot of its cold sorfaoe, and is entirely condensed and reduced 
to the liquid state before it arrives at the lower extremity, a, from. 
which it trickles in drops into the jar, c. 

The heat disengaged from the vapour in the process of conden- 
sation being constantly imparted to the water in the cistern, 
p qjr, that water would be gradually wanned, and if it were not 
discharged and replaced by cold water, it would no longer keep 
the worm cold enough to condense the vapour. A supply of cold 
water is therefore introduced through a pipe, T T, while the 
heated water jBbws away through the pipe of discharge, o. 

Heated water being lighter, bulk for bulk, than cold water, will 
float upon the latter without mixing with it, unless the liquid be 
agitated. The cold water, therefore, being introduced at tiie 
lowest part, t, of the cistern, will form the inferior strata, while 
the heated water will collect at the superior strata, and being 
pressed upwards by the cold water will flow out at o. The supply 
pipe, Pf which feeds the pipe, it, and the discharge pipe^ o, 
may be, and generally are, so regulated that the water discharged 
from o is very little below the temperature of the vapour coming 
from the boiler, while the water of the lowest strata is as cold as 
the external atmosphere. The vapour, therefore, which enters at 
df is at first only partbUy condensed, the condensation being 
rapidly inosreaaed, as winding through the worm it passes in 
oontact wilh a surfiioe colder and colder, until, at length, arriving 
at the lowest coil, it is wholly condensed. 

The heated water which flows frx)m the discharge pipe, o, may 
be used to feed the boiler, B ; and being already at a high tempe- 
rature, an economy of fuel is thus eflected. 

When extreme purity is required in the distilled water, it is 
evaporated at a temperature lower than 212^, because at that 
temperature a certain small portion of the foreign matters which 
it holds in solution sometimes go over in the vaporous state 
through the worm, and are ultimately deposited in the jar, e. 
The lower the temperature at which Ihe water in the boiler is 
evaporated, the less of this impurity will pass through the worm. 

By these expedients, with proper precautions, water absolutely 
pure, and entirely free from all foreign matter, may be obtained. 

35. It remains now to show how the compound nature of this 
liquid can be demonstrated, and the characters and proportions of 
its constituents ascertained. 

This may be accomplished by either of two methods; by 
coifPOSiTioir or DECOMPOSITION, or, if the Qieek derivatives be 
preferred, by smrrHESis or analysis. 

The method by synthesis presumes the previous knowledge of 
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the oonfititiients, and consists in showing, that by combining these 
constituents water may be produced. 

The method by analysis presumes the previous discovery of some 
physical agent capable of oyerpowering the mutual attraction by 
which the constituents of water are held together, and tearing 
them asimder, and exhibiting them separated one from the other, 
80 that their characters and properties may be ascertained. 

Since the question itself is of the yery highest interest and 
importance, and since both the methods of synthesis and analysis 
are in themselyes most instructive and easily intelligible, we shall 
here explain them. 

36. There are two airs or gases known to chemists, and denomi- 
nated oxygen and hydrogen. 

A general idea of oxygen and its leading properties has been 
already given in our Tract on Air. 

Hydrogen, like gases in general, is an invisible colourless air, 
which when perfectiy pure is without taste or odour. But as 
commonly produced it is mixed with very minute proportions of 
impurities, which impart to it a peculiarly disagreeable odour, 
with which every one is rendered familiar by the occasional 
leakage of the pipes used for gas-lighting. 

37. This gas is the lightest of all material substances, being 
bulk for bu]^ more than ^urteen times as light as common air. 

38. For this reason it is eminentiy fitted for the inflation of air- 
balloons. Two thousand cubic feet of this gas wiU weigh only 
about 11 lbs., while the same volume of common air will weigh 
about 160 lbs. A balloon, therefore, which would contaiu 2000 
cubic feet of hydrogen would have a buoyancy or tendency to 
ascend, amounting to 149 lbs., sod if tiie silk bag, oardage, and 
oar, with its load, have less than this weight, it will have an 
ascensional force equal to the excess. 

39. Hydrogen is one of the most inflammable bodies in nature. 
It bums with a very pale bhdah flame, giving very littie light, 
but intense heat. 

40. If a mixture of oxygen and hydrogen gases be introduced 
into a strong glass vessel, and be shut into it by closing the stop- 
cock in the pipe by which the gases are introduced, an electric 
spark transmitted through the mixture will inflame the hydrogen 
gas, and an explosion will take place, after which the glass vessel 
will appear to be filled with vapour, and will acquire an increased 
temperature. When, after a short interval, it cools, the inside 
surface of the glass will appear to be bedewed. Water will trickle 
down the sides. A certain quantity of gas will remain in the 
vessel. If this gas be examined by the usual tests it will be found 
that it is no longer a mixture of oxygen and hydrogen, but is one 
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or the other gaa m its separate and pnie state. Whether it be 
pare and aDinised 0x7^60, or pore and unmixed hydrogen, will 
depend on the pn^rtiona in which the gases were originally 
mixed in Qie Tessel before the explodon. 

41. There are many farms of apparatos b; means of which this 
important experiment may be performed. One of them is repre- 
eented in fig. 2. 

A oylindrioal Tessel, D E, wider at Uie top than below, is Med 
with meronry. A graduated tube, B c, of thick and strong glass, 
„, 3 about an iuoh in diameter, 

closed at one end, b, and 
open at the other, c, being 
filled with meromy and 
stopped by the hand at the 
open end, ia inserted and 
plnnged in the mercury in 
the cistern, s E. Themet- 
cniy will not iall outcf BC, 
because the atmospherio 
preBsnre acting on the ex- 
ternal Eur&oe of tiie mer- 
onry in B K will support it 
The gases, oxygen and 
hydrogen, may now be 
intfodooed int«B c, by dia- 
rTiarmng tiiem in the mer- 
cury under the open month 
of the tube, BC. They will 
rise in bubbles through the 
meroury, and will displace 
a portion of that liqnid in 
tie top of (he tabe, B C. In this manner any desired proporidima 
of the gases may be introduced into the tube, B c, limited only by 
the capacity of the tube. 

Near the top of the tube, B c, two small holes on oi^>osite sides 
ore bored, through which two pieces of platinum wire are insertedr 
terminating inside and outode in knobs. The inside knobs are 
dose to each other, without being actnally in contact. "When the 
knob of a charged electric jar is presented to B, while x is eon- 
nect«d by a metallio chain with the outside coating of the jar, the 
electric diachaige will pass between the two inner knobs, and will 
infiame the hydrogen contained in the tube, B c. 

It is in experimental researches of this kind more convenient to 
express the quantilieB of the gases by their measures as indicated 
by tiie graduatdon of the tube, B c. It will render this explanation. 
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however, more easily intelligible to express them hj their 
weights. 

Let us then suppose, in the first instance, that 1 grain of 
hydrogen and 12 grains of oxygen are contained in BC. When 
the electric discharge is transmitted, the hydrogen inflamed, and 
the tube, b c, cooled, water and gas, as already stated, will be 
found in it. If the water be exactly weighed, it will be found to 
amount to 9 grains, and the gas will amount to 4 grains. If 
these 4 grains of gas be examined they will be found to be pure 
oxygen. Thus this residual gas will not be inflammable, but if a 
lighted taper be plunged in it, the flame will become larger and 
brighter. In a word, it will have all the properties of pure 
oxygen, explained in our Tract on Air. 

It appears, then, that of the mixture of 1 grain of hydrogen and 
12 grains of oxygen, which were in B c before the explosion, the 
entire graia of hydrogen has entered into combination with 8 of 
the 12 grains of oxygen, and has produced 9 grains of water, the 
ether 4 graias of oxygen remaining unchanged in b c. 

It follows, therefore, that the gases hydrogen and oxygen, being 
combined in the proportion of 1 grain of the former to 8 of the 
latter, produce water. 

If 2 grains of hydrogen and 8 of oxygen had been introduced 
into B c, the explosion would stUl produce 9 grains of water, but 
in this case the residual gas would be 1 grain of hydrogen. Thus 
1 of the two grains of hydrogen, combining with the 8 grains of 
oxygen, would produce 9 grains of water, while the other grain 
of hydrogen would remain in its pure and separate state. 

If 1 grain of hydrogen and 8 of oxygen had been introduced 
into B c, the explosion would have conyerted the whole of the 
gases into 9 grains of water, and no residual gas whatever would 
be found in b c. 

From all this we must infer that water is a compound liquid, whose 
constituents are the two gases, oxygen and hydrogen, combined in 
the proportion of 8 parts by weight of the former to 1 of the latter. 

42. It follows, therefore, that one-ninth part of water, the natural 
antagonist of fire, is the most inflammable of bodies, and the other 
eight-ninths is a body without whose presence fire cannot exist. 

Having thus explained the manner in which water is produced 
by the combination of its two constituents in due proportion, it 
now remains to show how the liquid itself may be resolved into 
its constituent gases. 

43. There are several methods of accomplishing this, but the 
most direct and simple is by submitting water to the action of a 
voltaic current of suMcient force. It has been proved that the 
poles of a voltaic battery have speoifio attractions for different 
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Fig. 3. 



bodies ; the podtiYe pole for some, and the negatiye for others. 
Now it happens that of all natural bodies that for whioh the 
positive pole has the strongest attraction is oxygen, and one of 
those for which the negatiye pole has a strong relative attraction 
is hydrogen. If, therefore, under certain conditions the two poles 

be brought to act on water, it may be ex- 
pected that its decomposition will ensue, the 
oxygen being disengaged at the positive, 
and the hydrogen at the negative pole, and 
this in fact does take place. 

44. Yarious forms of apparatus have been 
<K)ntriYed for the exhibition of this experi- 
ment. The most simple and instructive is 
represented in fig. 3. 

IVo small holes are pierced near the 
bottom of a wine-glass, through which the 
ends of two wires, g and H, being inserted, 
so as to rise to the height of an inch or 
two near each other in the glass, they are 
cemented in the holes by mastic. These 
wires are put in connection, one with the 
positive or -)- pole, and the other with the 
negative or — pole of a voltaic battery. 
Water, slightiy acidulated to give it more 
conducting power for electricity, is then 
poured into the glass, and two graduated glass tubes, A B and c d, 
each about half an inch in their interior diameter, being first filled 
with acidulated water, and being stopped at the open ends by the 
hand, are inverted and immersed in the glass, one over each of the 
wires. The water will then be supported in the tubes by the 
atmospheric pressure. 

The electric current will now immediately begin to flow firom 
the extremity of one wire through the water to the extremity of 
the other, and by its attraction the water will be decomposed, the 
oxygen constituent being attracted to the extremity of the po»tive, 
and the hydrogen to' that of the negative wire. These gases will 
be therefore disengaged at the poiuts of the wires as if they 
issued from them, as they would £rom small apertures in vessels 
containing them. They will be seen rising rapidly in small 
bubbles in each of the tubes, in the upper parts of which they 
will collect, displacing the water and pressing it downwards. 
After a short time, the tube containing the negative wire will be 
filled with gas, the water being totally expelled from it from the 
top to the level of the water in the glass, and at the same time 
the tube over the positive wire will be half filled. 
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Thus it appears, the tabes being of equal oapadtj, that the 
Toliimes of the two gases produced are in the proportion of 2 
to ly the Yolume of hydrogen being twice that of oxygen. 

It will be farther observed, that contrnnally throughout the pro- 
cess of the experiment, the same proportion is maintained between 
the volumes of the gases evolved. At every stage of the process, 
the volume of hydrogen, c f, evolved, is found to be exactly double 
that of the oxygen, a e. 

But a comparison of the weights of these two gases, bulk for bulk, 
proves that oxygen is sixteen times heavier than hydrogen. It 
follows from this that the weight of the double volume of hydrogen 
evolved in the experiment here described, will be eiuictly one-eighth 
of the single volume of oxygen simultaneously evolved. 

Thus it appears that the water is decomposed by the voltaic cur- 
rent, and that its constitoents are the gases oxygen and hydrogen, in 
the proportion of 8 parts by weight of oxygen to 1 of hydrogen. 

46. Certain metals which are obtained in the laboratories of 
chemists, though unknown in the arts, such as potassium and 
sodium, have so strong an attraction for oxygen that they cannot be 
exposed in the atmosphere without spontaneously combining with 
that constituent of it. If a piece of one of these metals be plunged 
in water, it will exert an attraction on the oxygen of the water so 
powerful as to separate it from the hydrogen. The oxygen will, 
in virtue of this attraction, desert the hydrogen, and, combining 
with the potassium or the sodium, wiU form potash or soda, whHe 
the hydrogen, disengaged in the form of gas, may be coUected in a 
glass receiver in the usual way. If the potash or soda thus pro- 
duced be weighed, it will be found to be heavier than the potassium 
or sodium, by the weight of the oxygen which has entered into 
combination with it, and this excess of weight will be exactly 
eight times the weight of the hydrogen which is disengaged ; from 
which it follows as before that water consists of 8 parts by weight 
of oxygen and 1 of hydrogen. 

47. None of the metals commonly used in the arts have an 
attraction for oxygen sufficiently energetic to effect thus sponta- 
neously the decomposition of water. The attraction, however, of 
some of them — ^iron, for example — ^may be so exalted by elevation 
of temperature that it may, by means of certain arrangements, 
produce a like effect. 

An apparatus for the decomposition of water, by means of 
heated iron, is represented in fig. 4. 

A porcelain tube, a &, the middle part of the length of which is 
filled with fragments of &ie iron wire, is inserted across a fomaoe, 
by means of which the tube may be heated, so that the iron 
it contains shall be red-hot. One end, a, oommunioates by a 
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reotaDgnlar tabe Trith a glam Tenel ooatauung water, placed 
upon a oharoosl fire, or nippoitod over a apiiit lamp. The other 
end, b, oommimioates hy a bent tabe, bed, with a glacs tube filled 
with water, inTerted and immeraed in a capauls or diih containing 
water. The water is supported in the tube, as in the former expe- 
riments, by the atmofpheiio presiuie. If gas issue from the 
montii of the tube, d, whioh ia bent under that of flie wide tnbe 
oontaining the water, t^ gas will rise in bubbles, disidacing tha 
water in the lop of the tabe. 

These arrangements being made, and the iron oontained in the 
tabe, a b, being rendered red-hot, the water in the glass vessel is 
made to boil. The vapour pioeeeding irom it entering the tube 
ab a.t a, farces its way thioogh the interstioes of the red-hot iron 
wire ; there it u deoomposcd, the iron attraoting the oi;gen. 

Fig. 4. 




wiOi which it combines, fonning a subatenoe called the taidt qf 
iron, which is familiarly known as rtol. The hydn^n alone 
issues from the tube at b, and passing through bed rises into 
the large tube, displaoing tlie water, as represented in the figure. 

When a sufBoient quantity of gas is lialleDted, its weight is ascer- 
tained, and also the increase of weight imparted to the iron wire in 
the tube, o ft, by tbe oxygen which has been oombLoed with it, and it 
is always found tliat the latter is exactly eight times the former. 

Thus we still find the same remarkable fact Tsproduoed in 
various forms. The mated wire is heavier than the original 
clean wire by the weight of the oxygen which it has attracted 
from the aqoeous vapour, and whioh, combining with it, forms 
the rust; and this weight is eight times that of the hydrogen 
bom whioh it has been separated, ^owii^ as before that water 
oonsiste of 8 parts by weight of oxygen and 1 of hydrogen, 
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CHAPTER I. 

1. Simple notioBB difficult to define. — 2, Oonoeption of Time, how obtained. 
— 8. By snooessioii of sensible impressions. — 4. Proof that such 
snocessioB is necessary.— 5. Time passes &ster with some than with 
others. — 6. Is measured only by a regular and uniform succession. — 
7. Periodic phenomena which may measure time. — 8. Natural 
appearances intended for that purpose. — 9. Significations of the 
woid "day." — 10. Hours. — 11. Their length in certain casefr 
Tariable. — 12. Vulgar and equinoctial hours. — 13. Commencement 
of the day with different nations. — 14. Italian time. — 15. Incon- 
Tenience of such a mode of reckoning. — 16. Modeni method. — 
17. Civil and astronomical time. — 18. The day the standard unit. 
— 19. Necessary to determine it rigorously. — 20. What is a day ? — 
21. Diurnal rotation of the heayens. — 22. Its constancy and 
uniformity. — 28. Nevertheless not fitted to be the unit of civil time. 
24. The meridian.— 25. Diurnal motion of the sun — means of 
observing it^26. Transit instrument. — 27. Method of observing 
with it. —28. Sidereal day — ^its subdivisions. — 29. Its permanency 
and uniformity — ^unfit, nevertheless, for a measure of time. — 80. Why 
the sun is not fit. 

I. — TIME IN OXNX&AL^ 

1. The most simple of our notions are those wHcli it is most 
difficult to describe or define. It is fortunate that they are pre- 
cisely those which least need definition. Geometers have failed 
in defining a straight line, or a plane surface, but no persons 
differ in their conceptions of the meaning of these terms. Locke 
observes, with his usual felicity and clearness, that a word which 
expresses a simple idea does not admit of definition, inasmuch as 
a definition being a sentence composed of two or more words 
having different significations, cannot collectively express one 
idea which has no composition at all. The only way to convey 
to the mind of another, the meaning of such a word, is by pre- 
senting to his senses the object or the quality which it expresses. 
In that case, if he possess the necessary organ of sense, he will 
immediately obtain ilie perception ; if he do not all the words in 
the world will not convey it to him. A person blind or deaf from 
infancy can never acquire any perception of colours or sounds. 
A blind man after listening attentively to an elaborate description 
of the colour acarletf declared that he had a very clear and satis- 
factory notion of it, and that he considered it like the sound 
of a trumpet! 

2. Time is a word about the meaning of whicli it would seem 
that there could be no disagreement; yet we cannot as in the 
case of words expressing sensible ideas refer to any external 
object from which we can immediately receive the perception 
which that word expresses. Although we cannot define by words 
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the meaning of the terms white or red, we can point to the lily 
and the rose, and thus supersede verbal definition. We oannot 
define the notes of the nightingale or the lark, but if we walk 
forth in the night or at the early dawn, the one or the other will 
discourse music more eloquent than definition. 

Can we then, by a like appeal to the senses, obtain a notion of 
what is expressed by the word Time P Which organ does it 
address? Time cannot be seen, heard, felt, tasted or smelled. 
It oannot be seized and submitted to observation and analysis. 
It is the most fleeting of all perceptions. Moment follows 
moment in never ceasing succession, but no moment can be said 
to have any continued existence, so as to be submitted to 
contemplation. 

3. Metaphysicians differ as to the mental process by which we 
acquire a perception of duration, but they agree generally that its 
origin is closely connected with the succession of our thoughts and 
ideas. From our observation and consciousness of this succession, 
and from that alone, does our original conception of time proceed. 
When the mind has once been stored with ideas and perceptions 
derived by the senses from external objects, the memory can at will 
reproduce them and marshal them in infinitely various series before 
the imagination. Of such succession of thoughts and feelings 
thus evoked by memory we are as distinctly conscious as we are 
of those derived directly from external objects, and by that con- 
sciousness we acquire a perception of time when no external 
objects are presented to the senses. Thus if during the daikness 
of night we lie awake, a constant succession of thoughts and 
images pass through the mind, consisting altogether of various 
ideas and combinations supplied by the memory. This succession 
of notions creates a consciousness from which we derive a per- 
ception of a certain lapse of time. 

4. That an actual succession of thoughts, emotions, ideas or 
images, whether they proceed directly from external objects or 
arise from the operations of memory, reflection, or imagination, 
is absolutely necessary to our perception of time is demonstrated 
by the fact that whenever such succession ceases, our percep- 
tion of time ceases with it. Thus in profound sleep without 
dreaming, we have no perception whatever of duration. Having 
gone to sleep at night, and waking, in the morning it is true that 
we know that a .certain definite interval has elapsed, but we 
derive this knowledge by inference from external phenomena and 
not at all from consciousness. We see that the darkness of night 
has changed to the light of day ; that the sun which was below 
the horizon is above it, and we know by past experience that 
these changes are only produced in a certain interval of time, and 
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that such interval of tiiue must have elapsed since we fell asleep. 
But if we fall asleep in tne evening and do not awaken until the. 
next day but one, we are unconsoious of the lapse of more than 
one night. Robinson Crusoe, alone on the desert island, being 
indisposed, swallowed a narcotic composed of rum and the infusion 
of tobacco, which threw him into a profound sleep that continued 
from the night until the afternoon of the next day but one, and 
he was unconscious of the lapse of more than a single night. He 
found accordingly, when liberated from his solitary abode, upon 
comparing his journal with the actual dates, that he had lost a 
day in his account. 

5. It might, therefore, be naturally inferred that the succession 
of our thoughts or mental impressions, being the origin of our 
perception of duration, would be necessarily a measure of dura- 
tion, and indeed the only measure of it. It is easy, nevertheless, 
to see that such an inference can only be admitted with consider-, 
able qualification. The succession of sensible impressions . pro- 
duced by certain regular and uniform series of external appear- 
ances is unquestionably an exact and the only exact measure, of 
time, but it would be, on the other hand, a grave error to assume 
that such a just measure of duration can result indifferently from 
every series of mental impressions. Whp does not know that a 
series of agreeable thoughts and brilliant ideas has the effect of 
making time pass with unwonted rapidity ? 

'* Too late I stayed. Forgire the crime ! 
Unheeded flew the hours. 
How noiseless falls the foot of Time 
Which only treads on flowers J 

" Ah ! who with clear acconnt remarks 
The ebbing of his glass, 
When all its sands are diamond sparks, 
Which dazzle as they pass ? " 

Again, — the series of our thoughts becomes a most fallacious 
measure of time when we are the sport of the more exciting 
passions and emotions, such as hope, fear, or despair. 

^^Boaaiind, Time travels in divers paces with divers persons ; Fll tell 
yon who time ambles withal, who time trots withal, who time gallops 
withal, and who he stands still withaL 

'* Orlando. I prythee, who does he trot withal ? 

'' Ro8. Marry, he trots hard with a young maid, between the contract 
of her marriage, and the day it is solemnised. If the interim be but a 
se'nnight, time's pace is so hard, that it seems the length of seven years. 

*' Orl, Who ambles time withal ? 

*^ Bos, With a priest that lacks Latin, and a rich man that hath not 
the gont : for the one sleeps eaaUy, becanse he cannot stndy, and the other 
lives merrily, because he feels no pain ; the one lacking the burden of lean 
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and wasteful leaming, the other knowing no burden of heavy tediooa 
penniy. These time ambles withal. 

*'OrL Who doth he gallop withal ? 

**Ro8. With a thief to the gallows : for though he go as softly as foot 
can &11, he thinks himself too soon there. 

"Or/. Who stays it withal? 

**Jto8, With lawyers in the yacation : for they sleep between term and 
term, and then they peroelye not how time moves." 

Shakbpearb, As You Like It, Act III. Scene 2. 

6. A snocession of thonghts and perceptions floating at hazard 
thTQugli the mind, or excited casually and without regularity by 
external objects, produces a perception of time, but afford^ no 
measure of it ; just as the general view of a landscape produces 
the impression of a certain progression of distances among the 
objects composing it, without, however, supplying the means of 
estimating with numerical precision such distances. 

A progression of events or perceptions wMcli would supply a 
measure of time, must be absolutely uniform and regular. In 
such case the number of repetitions of the same event or pheno- 
menon found between any two points of the series becomes 
the measure of the interval of time which has elapsed between 
them. 

7. The series of phenomena adopted by mankind as measures 
of time have been either natural or artificial. Natural measures 
of time consist of regularly recurring periodical phenomena, 
which are easily and universally observable by all the world, and 
which never cease to be reproduced with the same uniformity in 
all parts of the inhabited globe. Artificial measures are usually 
motions which are so contriyed as to be uniform so long as they 
continue, and which, when exhausted, admit of being restored. 

Any regular periodical change, however, may serve as a 
measure of time. Thus woodmen ascertain the age of certain 
trees by marks upon their trunks. The ages of certain species of 
cattle are indicated by the successive formation of rings on their 
horns. The age of horses is ascertained by the successive dis^ 
appearance of marks from their teeth. 

If a candle in burning were consumed uniformly its decrease 
of length might be used as a measure of time. In certain sales 
by auction, the oontinuaace of the bidding was limited by ^* inch 
of candle.'' 

8. But the periodical phenomena which have been most univer- 
sally adopted in all ages and all countries as measures of time, 
are those which were expressly assigned for that, among many 
more important purposes, by the Omniscient, who, when he ^'made 
the firmament and saw tiiat it was good," said— 

« Let there be light in the firmament of the heaven, to divide 
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the day from the niglit; and let them be for signs, and for 
seasons, and for days, and years : 

''And God made two great lights; the greater light to role 
the day, and the lesser light to rule the night." — Gen. i. 14, 16. 

Days, weeks, months, and years, and the subdiyisions of a 
day, hours, minutes, and seconds, having then been adopted by 
mankind in general as the measures of time, and as the land- 
marks of history and chronology, it may perhaps be thought that 
little more remains to be said about ^e matter; that these 
chronometric terms used in the common intercourse of life by all 
peoples — 

** Familiar in their months as household words,** 

have significations so dear, distinct, and unequivocal as to super- 
sede the necessity of all exposition and discussion. All the 
world knows what a day is, and that weeks, months, and years 
are composed of so many of these days. We shall, nevertheless, 
soon render it apparent that the import of these very familiar 
terms is not quite so clear even in the minds of moderately well- 
informed persons as it is supposed to be. 

n.— THE HOXIBS. 

9. The term day has two distinct significations* As opposed 
to night, it means the interval during which we receive light from 
the sun. Now this interval is not very definite. According to 
some, it means the interval between sunrise and sunset. But 
according to others, it signifies the interval between the morning 
dawn and the termination of the evening twilight ; or from the 
disappearance of the stars before sunrise to their reappearance after 
sunset. 

The other sense of the word day is that in which it is used as 
a chronometric term. It is the interval of time which elapses 
between two successive appearances of the sun at the same point 
of the heavens with relation to the horizon. This interval evi- 
dently includes a day and a night. 

The Greeks used a word, for which there is no English equi- 
valent, to express this latter sense of the term day. This word 
was yvxB^t^poy {nukthemerony) a compound of the terms night 
and day. 

10. From time immemorial a duodecimal division of the day 
has been adopted by all nations. Some peoples have counted the 
hours consecutively, firom one to twenty-four. Others have divided 
the day into two series of twelve hours. It ^may perhaps be a 
legitimate subject of regret that the same system of decimal reckon- 
ing, which has conferred such simplicity upon the arithmetical 
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diotation and terminology, should not have been applied to the 
'Counting of time. When the spirit of innovation was in the 
ascendant in France in 1793, such an attempt was made, the day 
being divided into ten hours, the hour into an hundred minutes, 
and the minute into an hundred seconds. The power of custom, 
however, prevailed over even the domination of terrorism and the 
project signally failed. 

11. The hours into which the day was resolved were generally 
intended to be equal, each being the twenty-fourth part of tiie 
entire interval called a day. Nevertheless, there were some 
exceptions to this. Thus, at a certain epoch in Greece, the 
interval between sunrise and sunset was divided into twelve 
equal parts called hours of the day, and the other interval, be- 
tween sunset and sunrise, was also divided into twelve equal 
parts, called hours of the night. It is evident that the diurnal 
hours were equal to the nocturnal hours only at the equinoxes, 
and that from the spring to the autumnal equinox the diurnal 
were longer than the nocturnal hours, and from the autumnal to 
the spring equinox the nocturnal were longer than the diurnal 
hours. The hours, both diurnal and nocturnal, were also subject 
to continual variation of length. "Eiom the first day of winter, 
or the shortest day, to the first day of summer, or the longest day, 
the diurnal hours constantly increased, and the nocturnal hours 
constantly decreased in length ; and from the first day of summer 
to the first day of winter, the nocturnal hours constantly increased, 
while the diurnal hours constantly diminished. 

Such a system could not be properly denominated chronometric 
at all, since the interval of time called an hour was different at 
^difiPerent seasons. 

12. Defective as such a method of counting time must have 
been for the purposes of common life, it was utterly inadmissible 
for any scientific investigations ; and Ptolemy, in his astronomical 
observations, was always obliged to transform the vulgar hours 
into equinoxial hours ; so called, no doubt, because it was only at 
the equinoxes that the vulgar diurnal were equal to the noc- 
turnal hours. 

How imperfect the art of measuring time was in that age, may 
be imagined when it is stated that, in the observations of Ptolemy, 
the time of astronomical phenomena is never indicated nearer the 
truth than a quarter of an hour. At present it is determiued in 
good observations to less than the tenth of a second. 

13. For chronometric purposes, it is not enough to ^ the value 
of the standard unit of time. It is necessary also to establish a 
•convention as to the moment at which each successive unit com- 
mences, and the preceding one terminates. In a word, a point of 
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departure must be agreed upon for each chronometric nnit ; and 
this, as will be seen, is a subject upon which much disaccord has 
prevailed, and the establishment of which, with all the aids 
afforded by the advanced state of astronomical science, has been 
a matter of the greatest difficulty and delicacy. 

The Jews, the ancient Athenians, the Chinese,^['and other 
Oriental nations, as well as the Italians, fixed the commencement 
of the day at sunset. According to the Italians, even to the pre- 
sent times, the day is divided into twenty-four successive hours, 
reckoned continuously from sunset to sunset. Thus, at an hour 
before sunset, it is said to be twenty-three o'clock, at two hours 
before sunset it is twenty- two o'clock, and so on. 

According to this system, the hour of sunrise varies from day 
to day, and from season to season, but the hour of sunset is con- 
stant, being 24 o'clock or o'clock. At the equinoxes, the sun rises 
at twelve o'clock. From the spring to the autumnal equinoxes, it 
rises before twelve, and from the autumnal to the spring equinoxes, 
it rises after twelve. 

It is evident that a clock to indicate such time must be set from 
day to day, or at least from week to week, since the hour of sunset 
would be constantly later during one half-year, and constantly 
earUer during the other: 

14. At some places in Italy, and more particularly at Eome, 
public clocks are set according to this system, and others placed 
^ear them according to th^ common system, the indications of the 
one being called Italian, and those of the other, Ebench time. 

The system of Italian time has been defended upon the ground 
of the convenience it affords, of always telling the hour of sunpet, 
so as to show to travellers and those who are occupied in out-door 
employments the time they have at their disposition before night- 
fall. Against this convenience, /such as it is, however, is to be 
considered the constant necessity from day to day of setting all 
the watches and clocks — an operation called by the Italians 
TOCCAEE IL TEMPO — to touch the time. There are other obvious 
inconveniences, however, attending such a system, such as the 
constant variation of the hours of meals, of going to bed and rising, 
of all descriptions of regular labour, the hours of opening and 
closing all public offices, of commencing and terminating all public 
business, &c. Nevertheless, such is the force of established custom, 
that this mode of reckoning time, still prevails to a great extent in 
the Italian peninsula. 

The Babylonians, Syrians, Persians, the modem Greeks, and 
the inhabitants of the Balearic Isles, took the moment of sunrise 
for the commencement of the day. 

15. Whether the commencement of the day be fixed at sunset 
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or sunrise, the disadvantages indicated above must attend such a 
mode of reckoning time ; to which it may be added, that of all 
diurnal phenomena, there is not one of which the observation is 
attended with more uncertainty and risk of error than simrise 
and sunset. 

16. The English, French, Germans, and generally the modems 
in all the more civilised parts of the globe, commence the day at 
midnight, and divide it into two equal series of twelve hours, so 
that midday is twelve o'clock as well as midnight. According to 
this system of reckoning, it is necessary, whenever an hour is 
named, to indicate its relation to noon. The hours before noon 
are indicated by the letters A.M., and those after noon by P.M.^ 
being the initials of the Latin words ante meridiem (before mid* 
day), ^dipoat meridiem (after midday). 

Among ancient astronomers who adopted this mode of reckoning, 
may be mentioned Hipparchus, who flourished about a hundred and 
fifty years before our era, and among modems Copernicus. 

The ancient Egyptians began the day at noon, in which they 
were followed by Ptolemy, a celebrated astronomer, who flourished 
at Alexandria in the second century of our era. This diumal 
epoch has been by general consent adopted by modem astronomers, 
who divide the day into twenty-four successive hours, reckoned 
j&om noon to noon. Thus, according to their manner of reckoning, 
twenty minutes and an half after ten o'clock in the morning, 
would be 22*' 20» 30% 

17. Civil or common time, therefore, is half a day before 
astronomical time, a circumstance which must always be carefully 
allowed for in the comparison of dates expressed according to the 
two modes of reckoning. 

Thus, for example, the first day of the year 1854, according to 
civil reckoning, commenced at the moment of midnight, between 
the 31st December, 1853, and 1st January, 1854. But aocordipg 
to astronomical reckoning it commenced at midday on 1st January, 
1854. It follows, therefore, that the twelve hours which pre- 
ceded the noon of 1st January, 1854, were according to astrono- 
mical reckoning the last twelve hours of the year 1853. 

In like manner, a certain hour of the forenoon, 5 a.m. of a day 
(Tuesday, for example), according to civil time, is 11^ 0" 0» of 
the preceding day (Monday), according to astronomical time. 
From noon, however, till midnight of any given day, the civil 
and astronomical dates are exactly the same. 

ni. — THE DAY. 

18. A day then being adopted by common consent, and indeed 
by the force of things, as the standard unit for the measure of 
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time, all longer intervals being expressed by its multiples, and 
all shorter ones by its fractional subdivisions, it is above all things 
indispensable that its absolute length should be understood witii 
perfect deamess, and ascertained with the most rigorous precision. 
Like all standard measures, it is necessary that it should have 
one invariable length, and that this length should be at all times 
capable of verification by comparison vdth some natural pheno- 
mena, observable at all times and places, and which, during 
an endless succession of ages, past and fature, is subject to no 
change. 

19. It may perhaps be thought that such extreme precision and 
permanency is needless, and that a departure of the standard from 
exactness by a very minute fraction would be for aU practioid 
purposes imimportant. If the standard^ whatever it be, were 
only applied to the measurement of quantities which are not large 
multiples of itself, this might be admitted. But it is otherwise, 
when it forms a very minute fraction of that which it is applied 
to measure. An error of the ten-thousandth part of an inch in a 
foot may be unimportant, so long as short spaces — as, for example, 
the length of a room — only are in question. But, if we attempt 
to apply the foot to measure great distances, the small error is 
multiplied until it swells into one so great as utterly to vitiate 
the results. Thus an error of the ten-tiiousandth part of an inch 
in a foot becomes an error of more than an inch in two miles ; of 
more than a foot in twenty-four miles ; of more than a mile in 
120000 miles, and so on. 

If in the measurement of distance vast errors may thus arise 
from the indefinite increase of small inaccuracies of the standard 
units by multiplication and accumulation, it is much more so 
with respect to the measures of time, errors in which, even of the 
smallest amount, accumulating for ages, would involve not only 
astronomy but history and chronology in complete confusion. It 
will therefore be understood how important it is in many points 
of view, that we should obtain clear, distinct, and settled notions 
of the import of these terms, — days, weeks, months, and years, — 
which constitute our chronometric nomenclature. 

20. What is a day, the fundamental unit of all time P In a 
rough and general way we have defined it to be the interval of 
tim^ which elapses between two successive returns of the sun to 
the same point of the firmament. But to observe and ascertain 
with ' the necessary precision this interval, it is necessary to have 
some means of marking a certain point of the firmament ; and, 
when so marked, of observing the exact moment at which the 
Sim arrives at it. The sun, however, not being a mere point, but 
a circular space or disCf as it is called, of considerable apparent 
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magnitade, covers a certoiii part of the heavensy and different 
points of this disc arrive at a given point of the firmament at 
^lifferent moments ; so that when we speak of the moment the sun 
passes any given point of the heavens, our words have no definite 
meaning unless we specify what point of the sun's disc our obser- 
vation is applied to. The point in question is of course the centre 
of the disc, the successive returns of which to a certain position 
in the heavens must be observed. 

The point most convenient in all respects for such an observa- 
tion is the highest to which the sun rises in its diurnal course 
across the heavens. But to render this position of the sun's 
centre, and the means of observing it intelligible, it will be 
necessary to consider the apparent diurnal motion of the heavens 
under a much more general point of view. 

21. If we suppose an observer to stand with his back to the 
north, looking to the south, and consequently having the east 
upon his left, and the west upon his right, the sky being supposed 
to be cloudless for a day and a night, a remarkable spectacle will 
be presented to his view, the imposing grandeur of which con- 
tinues to excite our admiration in spite of the familiarity which 
is produced by its never-ceasing presence. 

The celestial vault presents the appearance of a vast hollow 
sphere, one half of which only is presented at any one moment to 
our view, the base of this visible hemisphere being the plane of 
the horizon, in the centre of which we stand. This hollow sphere 
appears to have a motion of rotation round a certain diameter as 
an axis, carrying with it as it revolves the countless objects, stars, 
planets, sun, and moon, which appear in various positions upon 
its stupendous concave surface. Standing in the position here 
described the sphere seems to revolve from left to right round an 
axis inclined to the horizon in a vertical plane, directed north and 
south. This apparent motion causes all the celestial objects to 
rise in succession on the left, that is on the east, and gradually 
rising they approach to and pass the vertical plane directed nprtli 
and south, and after passing it, they descend upon the right, that 
is on the west, and in fine disappear below the horizon. 

22. This diurnal motion of the celestial sphere is characterised 
by the most rigorous and absolute uniformi^ and constancy. It 
is never faster, never slower, and never stops. It has continued 
thus to move from time immemorial, and according to all appear- 
.ance, and subject to the existing laws of nature, wiU continue so 
to move as long as the globe of the earth endures. 

23. Such constancy and uniformity, combined with the fact 
that it is universally observable, would render such an apparent 
motion eminently fitted as a measure of time. Nevertheless as 
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will presently appear, it is attended with other circumstances 
which make it unsuitable for that purpose. 

24. The vertical plane directed north and south, of which we 
have spoken, if supposed to be extended upwards to the firmament, 
will meet the yisible hemisphere in a semicircle which, passing 
through the zenith, as the point directly oyer the observer is 
called, descends to the horizon at the north and south points. 
This semicircle is called the meeidia.n. It divides the visible 
hemisphere into two equal parts, the eastern on the left of the 
observer, and the western on his right. By the diurnal rotation 
of the celestial sphere, all objects upon it rising in the east 
ascend to the meridian, where they attain their greatest altitude, 
and then descend to the west and disappear. The interval 
during which each of them is visible is divided into two exactly 
equal parts by the meridian, the time which elapses between the 
moment at which it rises and that at which it passes the meridian 
and attains its greatest altitude, being equal to that which 
elapses between the latter moment, and that at which it 
^appears. 

This movement of the heavens is more observable by night than 
by day, because it is then shared by a vast number of objects, 
having positions infinitely various upon the celestial vault. 
Oountiess numbers are every moment rising or ascending towards 
the meridian, passing it, or descending &om it, or setting. 
Although the objects upon the firmament by day are not less 
numerous, they are rendered invisible by the superior splendour 
of the sun. They may nevertheless be seen even then with suffi- 
ciently powerful telescopes, and they present exactly the same 
apparent motion, being still carried round with the common 
motion imparted by the celestial sphere. 

25. The sun like the rest is carried round with the diurnal 
motion, and its continuance above the horizon is divided into 
equal parts by the meridian. Hence it appears that when its 
centre is on the meridian, it is midday or noon, and at that 
moment it has its greatest altitude. 

This moment then being the epoch upon which the fundamental 
unit of time is based, it becomes of great importance to com- 
prehend the means which have been contrived for accurately 
observing it. If the meridian were traced by a visible line upon 
the heavens, the observation of the moment at which any celestial 
object crosses it would be easy. But that not being the case, it 
may be asked how the moment at which the sun's centre passes a 
merely imaginary line, can be ascertained with the extreme 
precision necessary in this case. 

26. Astronomers have accomplished this by a very simple and 
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admirable contrivance. Thej have enabled observers to mark for 
themselves the meridian upon the firmament with such distinct- 
ness and precision, that the moment at which any celestial object 
passes it can be ascertained to a small fraction of a second by 
direct observation. 

One of the forms of instrument most easily understood by which 
this is accomplished is shown in fig. 1 (p. 113). The passage of any 
celestial object across the meridian being called a teansit, in- 
struments adapted to ascertain the moment such transits take 
place are called tbansit ii7Stbt71£E17TS. The particular form 
shown in fig. 1 is called a tbansit circle. 

The instrument is mounted on two pillars, a c and b d, of solid 
stone, erected on a foundation of masonry presenting all the con- 
ditions necessary to guarantee the greatest firmness and solidity. 
These pillars stsmd east and west, the space between them there- 
fore, looking north and south. A telescope e f is supported 
upon an horizontal axis A B, the ends of which rest in angular- 
shaped supports, called from their form Y's, which are established 
upon the summits of the two stone pillars. These supports being 
rendered by suitable adjustments truly horizontal, and the line 
joining them being directed truly east and west, the telescope 
when placed in an horizontal direction will point exactly north 
and south, and if it be turned upon its axis, so as to be succes- 
sively directed to different points of the firmament, it will sweep 
over the celestial meridian. 

Attached to the telescope is a graduated circle, consisting of two 
flat rims of metal, connected together in a firm manner by a 
system of spokes and diagonal braces. By means of this circle the 
altitude of any object to which the telescope may be directed can 
be measured ; but this not being connected witili our present pur- 
pose need not be further noticed. All that is now necessary to 
be understood is that when it is turned upon its axis, the telescope 
is successively directed to all pgints of the meridian. 

When we look through the telescope, we behold a ciroidar space 
upon the heavens of a certain magnitude. This space is called 
the riELD OP VIEW, 

The meridian is in the direction of a line which would pass 
vertically through the centre of this circular space, dividing it 
into two equal parts, one to the right, and the other to the left. 
The celestial objects, as they are carried by the diurnal motion of 
the sphere, pass from east to west across the meridian, moving in 
a direction apparently horizontal. Such of them, therefore, as. 
may oome within the limits of the field of view, in any one posi- 
tion of the telescope, will appear to pass across the field in 
horizontal lines ; and if the observer were provided with any means 
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« 

of asoertaining the moment at whicK an object is precisely half- 
way between the point at which it enters and that at which it 
leaves the field of yiew> he would know the moment at whioh 
it passed the meridian. 

This is accomplished by a very simple and admirable con- 
trivance. In the eye-piece of the telescope is fixed a small frame, 
across which are extended vertically five or seven fine wires or 
filaments at equal distances apart, the centre one passing through, 
the middle of the field of view, and one horizontal wire alsa 
passing through the centre, and therefore dividing aU the vertical 
wires equally. 

The field of view and the system of wires are shown in fig. 2, 
(p. 129), where e w is the horizontal, and N s the middle vertical 
wire. It must be observed that the wires are so extremely fine that 
even when they are magnified by the eye-glass of the telescope 
they still appear like mere hairs. The number of vertical wires 
being always odd, one of them will necessarily pass through the 
centre. The instrument represented in fig. 1 is provided with 
such adjustments, that the middle wire v s, can be brought to 
coincide with the utmost precision with the meridian. 

The magnifying power of the telescope has the same efiect upon 
the apparent motions of objects as upon their apparent magnitude. 
It increases the one in the same proportion as the other. The 
consequence is that, although the apparent diurnal motion of 
celestial objects is no more perceptible to the naked eye than is 
the motion of the hour-hand of a watch, yet when viewed with 
the telescope, this motion is very distinctly perceptible. The 
stars seem like so many luminous insects, creeping with a visiblo 
motion across the field in horizontal directions, and passing in 
succession behind each of the parallel vertical wires. 

27. So rapid is tlus apparent motion of the celestial objects 
across the field of the telescope, that a star is seen to pass from 
one side to the other of one of the yertioal wires between two suc- 
cessive beats of the clock. Thus it may be seen at o, fig. 2, at 
the moment marked by one beat, and at o', at the moment marked 
by the next. Practised observers are in such case able to 
determine to the tenth of a second, or. even less, the instant of its 
transit over the wire. Thus if the moment it is at o, be lO** 20» 
20% and that at which it is at o% be 10'' 20" 21", the observer will 
be able to say for example that the instant at which it has pas.sed 
the wire v s is more than lO'' 20<» 21 '*4, and less than lO'' 20» 
21-5, and he may assign the time as lO'' 20" 21**45. Difierent 
observers acquire, according to their respective aptitudes, different 
degrees of skill in such observations, and in all cases the results 
of their observations can be checked by comparing those obtained 
126 



SIDEBBAL DAY. 

by two or more obaervers observing the same transit at the same 
]^ace. 

28. If the transit of the same star be observed for two or more 
sucoesaiYe nights, the interval which elapses between any two 
saocessive transits can thus be determined. Now it has been 
found that this interval is absolutely the same, not only for all 
stars whaterer, but also that it is the same at whatever part of 
the earth the observation may be made. By comparing the 
results of ancient with modem observations, it has also been 
found that this interval has not undergone the least change. 

It is well known that this apparent diurnal rotation of tho 
heavens, by which a common motion is thus imparted to all 
celestial objects, is the optical effect produced by the rotation of 
the earth upon its axis, and the time of that rotation is conse- 
quently the interval which elapses between two successive 
meridional transits of any fixed star. 

Such is the constant and invariable character of this motion^ 
and its absolute uniformity, that Laplace has shown, independently 
of all theory, that, as a matter of fact, the time of this apparent 
rotation of tiie heavens cannot have suffered any change amounting 
to so much as the hundredth part of a second since the time of 
Hipparohus, being an interval of twenty centuries. 
This interval is called a sidekeal day. 

The sidereal day is subdivided into hours, minutes, and seconds, 
in the manner already explained. 

The circumference of tJie celestial sphere being supposed to be 
divided into 360°, through which it revolves in 24 hours, it 
follows that it turns through 15^ per hour, 15' per minute, and 
15" per second. 

It is perhaps to be regretted that the terms minutes and 
seconds have been used in two different senses, tiie more especially, 
as their application in both these senses is constantly necessary in 
all astronomical works. As applied to the arcs of circles, or to 
angular measurement, a minute signifies the sixtieth part of a 
degree, and a seconi) the sixtieth part of a minute. A^s applied 
to time a minute signifies the sixtieth part of an hour, and a 
SECOiTD the sixtieth part of a minute. 

The confusion which might arise in calculations in which 
both time and angular measures are involved, is prevented by the 
adoption of the letters " and *, to express minutes and seconds 
of time, and the signs ' and " to express angular minutes and 
seconds. Thus— S** 30" 26-6" 

expresses an interval of time consisting of 8 hours, 30 minutes, 
25 seconds, and 6-tenths of a second ; while 

8« 30' 26-6'' 
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expresses an angle or circular arc, the magnitade of which, is 
8 degrees, 30 minutes, 25 seconds, and G-tenths of a second. 

29. The absolute uniformity and permanency which thus 
characterise the diurnal rotation of the heavens, combined with 
the fact that it is observable at all parts of the earth, would 
render it eminently suitable as a measure of time. It wants, 
nevertheless, one condition which is quite as essential for the 
purposes of civil life as uniformity and permanence. It is not 
marked and limited by any conspicuous phenomena which strike 
the senses of all mankind. It does not correspond with the 
periodical returns of light and darkness, nor with the successive 
returns of the sun to the meridian. It does not even fall into 
accordance with the conspicuous lunar phenomena; so that, 
although it be true that it is observable ahke in all parts of the 
earth, the phenomena by which it is marked are such as can only 
be observed with the aid of astronomical instruments, and such as 
do not address themselves to mankind in general. 

30. To obtain, therefore, a fit measure of time for civil purposes, 
some measure must be found which will fall into such accordance 
with the periodical vicissitudes of light and darkness and the 
successive meridional transits of the sun, that the chronometrio 
unit may correspond either exactly, or nearly enough, for all 
practical purposes with those diurnal appearances by which the 
records of mankind have in all ages and countries been made. 

And why, it may naturally enough be asked, may not the 
successive returns of the sun to the meridian serve the purpose ? 

It may be stated briefly but distinctly that the solar diurnal 
phenomena, as they are actually presented in the heavens, do not 
answer as a measure of time even for civil, to say nothing of 
scientific purposes. Why they are unsuitable, and what sub- 
stitute has been contrived for them, will require some words of 
explanation. 
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31. Hot to obserTe the sun's tnmuCs. — 32. iDterral between (hem Tuiable. 
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31. The bqii presenting to an observer not merely a brilUant 
point, as is the case with a fixed atar, but a eircular liuninous 
space called a Disc, of eoneiderable magnitude, the various parts 
of which pass the meridian at different moments of time, it is 
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necessary to define what is meant by the meridional transit of the 
sun with more precision, and to show by what sort of observation 
the moment of such transit can be ascertained. 

It has been agreed, that by the meridional transit of the sun, 
that of the centre of the solar disc is to be understood. But as this 
centre is not marked by any visible or observable point by which 
it can be distinguished from other points of the sun's disc, its 
transit cannot be directly observed. 

The difficulty arising from this circumstance has been overcome 
by a very simple expedient. 

As the solar disc enters the field of view from the east side it 
approaches gradually the meridional wire, N s, and at length 
touches it, as shown in fig. 2, with its western edge, w, or 
LIMB, as it is called by astronomers. The moment of this contact 
is observed in the manner already described in the case of 
a star. The solar disc then continues to move across the field 
until it takes the position indicated by the dotted circle, in 
which the eastern limb touches the meridional wire, n s. The 
moment this takes place being also observed, the middle of the 
interval is calculated, which is the instant at which the centre of 
the disc passed the meridian.* 

32. If the sun were stationary in the firmament, it is evident 
that the interval between its successive meridional transits would 
be the same as that of the successive transits of a fixed star, and 
in that case the sidebeal day would be identical with the solas 
DAT. But it is well known that the sun is not thus fixed. On 
the contrary, it moves constantly in the firmament, making a 
complete circuit of the heavens in a year. If this motion were 
uniform, the daily displacement of the sun would be 0** 59' 8*2''. 

Now let us consider what effect such a displacement, being 
always eastward, would produce upon the interval between the 
successive transits of the sun compared with that of the transits of 
a star which suffers no such displacement. 

Let 8 {i^g, 3) represent the stm at the moment its centre is on the 
meridian, n s, on any given day, and let o represent a fixed star 
which is on the meridian at the same instant. After the lapse of 
24 sidereal hours the star, o, will be again upon the meridian, k s ; 
but during these 24 hours the sun, s, will have moved towards E, 
that is, eastward to the position, s', the distance, s «', being 

* In fig. 2 the motion of the celestial objects and their position is repre- 
sented as they are seen by the naked eye, or by a terrestrial telescope. 
But all objects are inverted and reversed by the astronomical telescope, 
so that the top is seen at the bottom, and the east seen at the west, and 
vice versd. It has been thought better for the present purpose to represent 
the points and motions as they are naturally seen. 
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0** 59' 8'2", The sun, therefore, will not yet liave come to the 
meridian, and will not arrive at it until it is carried by the 
diurnal motion of the firmament through this space ^^ 3, 
of 0" 59' 8*2". But since the firmament moves at f^ 

the rate of 15' in each minute of time, it will take 
3" 56" to carry the sun, «' to the meridian. It 
follows, therefore, that, supposing the sun to move 
daily 0*» 59' 8-2" eastward at right angles to the * 
meridian, a solar day T^uld exceed a sidereal day ^^*^ 

by S- 56-. E^ (jj 

If the eastward daily motion of the sun, measured ^-^ ^"^^ 
at right angles to the meridian, were uniform there- «' 
fore, the interval between its successive transits 
would possess all the requisites for a chronometric 
unit, and although the solar day would not be -^ 

equal in length to the sidereal day, it would, nevertheless, be of 
invariable length, and would besides be in complete accordance 
with those periodical vicissitudes of light and darkness which 
have been, by common consent, used by mankind in all countries 
and in all ages as the measures of time. 

But the solar day is wanting in fact in this essential condition ; 
it is not invariable in length. Its variation, though not great, is 
nevertheless such as to render it imsuitable as an unit of time, 
even for civil, to say nothing of astronomical, uses. 'So clock or 
watch could be constructed which would continue to go with the 
sun. A clock, which at one time of year would correspond with 
the meridional transits, would at another either anticipate them, 
or fall behind them. 

The variation in the rate at which the sun is displaced daily 
towards the east, and at right angles to the meridian, arises from 
several causes. First, the rate at which the sun moves upon the 
firmament is subject to variation. While its average daily dis- 
placement is, as we have stated, 0° 59' 8*2'', it amounts at the 
beginning of the year to l"" V 9'9", and at the middle of the year 
to only 0° 57' 11 '5". Although we are not directiy concerned here 
with the cause of this variation, it may be as well to observe, that 
it arises from the fact that the earth does not revolve in an exact 
circle with the sun in the centre, which it must have done if its 
motion were imiform, but in an oval, the sun being nearer to one 
end than to the other, and the rate of the motion increasing as the 
distance of the sun decreases. Secondly y the motion of the sun is 
not generally at right angles to the meridian, but more or less 
oblique to it at different seasons, and the more oblique it is 
to the meridian, the less does a given displacement affect its 
eastward motion at right angles to the meridian. Thirdly^ the 
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sun is at different seasons at different distances from the celestial 
equator, and the more remote it is from the equator the more 
does a given displacement affect its return to the meridian, for the 
same reason exactly as that for which two places on the earth, at 
a given distance east and west of each other, will have a greater 
difference of longitude the farther they are from the line. 

33. Seeing, then, that the interval between the successive 
meridional transits of the sun is subject to variation, and therefore 
unsuitable for a chronometric unit, but tiiat it would be suitable 
if the sun's daily easterly displacement were always the same, 
astronomers have imagined an expedient, which, without sacrificing 
the advantage of an accordance with the periodical vicissitudes of 
light and darkness, secures the advantage of complete uniformity 
as to the length of the chronometric unit. 

This is accomplished by the substitution for the real of a 
fictitious sun, whose daily easterly motion is always the same, and 
exactly equal to the average daily easterly motion of the real sun, 
that is, to 0' 59' 8 '2". The time, as indicated by this fictitious 
sun, is called mean time, the moment when its centre passes the 
meridian is called mean noon, and the fictitious sun itself is 
sometimes called the mean sun. 

The variable and unavailable time indicated by the motion of 
the real sun is called appabent time, and the moment of the 
meridional transit of the real sun is called appabent noon. 

34. From what has been stated, it wiU therefore be understood 
that the mean and the real suns make a complete circuit of the 
heavens in exactly the same time, that is, in a year ; so that, 
starting together from a given point, they will arrive, together at 
the same point at the instant which terminates the year ; but 
while the easterly daily displacement of the one is always 
absolutely the same, being 0° 59' 8 '2", that of the other is 
variable, being sometimes greater than 0° 59^ 8*2*, sometimes less, 
and at certain times the same. 

To illustrate the changes of the relative position of the two suns, 
let us imagine two railway trains to start from London at the same 
moment, side by side, on two lines of rails, making a trip to 
Liverpool and back, and to arrive at London, on their return, 
precisely at the same moment ; but let the speed of one be 
absolutely uniform, at 30 miles an hour, during the entire 
journey, while that of the other is subject to variation, being 
slower in ascending inclines, and faster in descending them. The 
latter will at some places outstrip, and at others fail behind, the 
former, and at certain points they will be for a moment side by 
side. The variable train will represent the real, and the imiform 
train the fictitious or mean sun. 
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Tlie two trains throughout their trip would, in such case, never 
be found very far asunder. Neither will the two suns separate to 
any great distance. If they did so, the expedient of the fictitious 
sun as a measure of time for civil purposes would fail, inasmuch 
as the civil day would fall into perceivable disaccord with the real 
day. 

35. The days of the year at which the true and fictitious suns 
come together, and on which the mean and apparent time agree, 
are subject to a very slight variation ; but in the year 1855, this 
coincidence takes place on the 15th Apnl, 15th June, 1st 
September, and 24th December. 

To trace the relative positions of the mean and real suns, 
we are to consider that on the 15th April they are on the 
meridian together, or very nearly so. The next day the mean 
sun will have passed to the east of the real sun, so that the latter 
will arrive at the meridian first, and when the mean sun 
comes upon the meridian, that is, at the moment of mean noon, 
the real sun will be to the west of it. Each succeeding day the 
real sun will fall back more and more to the west of the 
mean sun, and the apparent noon will precede the. mean noon 
by a constantly increasing interval. Thus, on the 16th April, 
the apparent precedes the n^ean noon by 8*, on the; 17th by 
22-4% on the 18th by 36-4% on the 19th by 50% and so on ; this 
gradual increase going on until the 15 th May, on which day the 
apparent precedes the mean noon by 3*" 53*87', and the distance 
of the true sun, west of the mean sun, is then 58' 28', a space 
equal to nearly twice the apparent diameter of the sun. 

After the 15th May the real sun falls less ^d less west of the 
mean sun, so that the two suns approach each other closer and 
closer until the 15th June, when they again coincide.| jThus, 
from the 15th April to the 15th June, the apparent time precedes 
the mean time by a quantity which varies from to 3" 53*87", 
and the distance of the real sun to the west of the mean sun 
varies from 0' to 58' 28". 

As the time shown by the mean sun is the time shown by a 
properly regulated clock, it follows that during this interval the 
sun passes the meridian before noon — a fact which is commonly 
expressed by saying that the sun is fast. 

36. The interval of time between the meridional transits of tb,e 
real and fictitious suns, or what is the same, the interval between 
the apparent noon and the mean or civil noon, or the noon shown 
by a properly regulated clock, is called the EavAXiON of time. 

37. Between the 15th April and the 15th Jime it appears, 
therefore, from what has been explained, that the time of mean 
noon can be deduced from that of apparent noon by subtracting 
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from the latter the equation of time, and on the other hand, the 
time of apparent noon is deduced from that of mean noon by 
adding to the latter the equation of time. 

But to trace further the relative positions of the true and 
mean suns. After the Idth June the real sun falls to the east 
of the mean sun, and consequently does not come to the 
meridian until after the mean sun has passed it, that is, until 
after noon. On the 16th June the real sun passes the meridian 
18*53" later than the mean sun ; on the 17th, 26*43' ; on the 18th, 
39*42' ; on the 19th, 52*44' ; and so on, passing it each day later 
and later in the afternoon, until the 26th July, when it passes the 
meridian 6'° 12*68' later. After that da}( it begins to pass the 
meridian at earlier interyals after the mean sun, and the intervals 
become less and less until the 1st September, when it coincides 
with the mean sun. 

On the 26th July the apparent noon being &^ 12*68" later 
than mean noon, the centre of the real sun must be 1° 33' 10*2" 
east of the centre of the mean sun, which is a space equal to about 
three times the apparent diameter of the sun. 

Thus it appears, that from the 15th June to the 1st September, 
the apparent time follows the mean or civil time, that is to say, 
the sun passes the meridian at times varying from to 0** 6" 12 '68' 
in the afternoon. This fact is usually stated by saying that the 
sun is SLOW. 

During this interval the apparent time is found by subtracting 
the equation of time from the mean time, and the mean time by 
addiQg it to the apparent time. 

After the 1st September the real sun again passes to the west of 
the mean sun, and consequently passes the meridian before it. 

Thus, on the 2nd September, its meridional transit takes place at 
19*68' before noon ; on the 3rd at 38*77' ; on the 4th at 58*11' ; 
and so on, the transit being earlier and earlier until the 3rd 
November, when it takes place at 16*" 18*51' before noon, which 
is therefore the greatest amount of the equation of time, and the 
greatest departure of the time of the sun from the time of the 
clock. The sun is in this case 16" 18*51' fast. 

38. Since the firmament moves at the rate of fifteen minutes of 
arc for every minute of time, it follows that in 16™ 18*51' before 
the meridional transit of the sun, its departure from the meridian, 
must amount to 4° 4' 37*65", a space equal to nearly eight times 
the sun's apparent diameter. 

From the 3rd November to the 25th December the distance of 
the real sun west of the mean sun constantly decreases, and they 
coincide on the 25th December. 

It follows, therefore, that from 1st September to the 25th 
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December, the sun is fast by an interval which yaries from to 
16» 18'51-. 

After 25th December the real sun once more falls to the eastward 
of the mean sun, and consequently it does not arrive at the 
meridian until after the mean sun has passed it, that is until 
some time after the mean noon. On the 26th December it passes 
the meridian at 40*45» ; on the 27th at l"" lO-lS" ; on the 28th 
at I'' 39*71' after noon, and so on, the lateness of its transit 
increasing until the 11th February, 1856, when it passes the 
meridian at 14°" 32*36" after noon. After this its transit is less 
and less late until the 15th April, when it again coincides with 
the mean sun. 

It appears, therefore, that from the 25th December to the 15th 
April the sun is always slow, its deviation from the time of the 
clock being greatest on the 11th February, when it amounts to 
14" 32*36'. The distance of the true sun from the mean corre- 
sponding to this interval, computed as before, is 3° 38' 5*4''. On 
the 11th February, therefore, tiie true sun is at tMs distance east 
of the mean sun. This distance is not quite seven times the 
diameter of the sun's disc. 

39. The real interval between two successive transits of the 
sun being variable, it is evident that no piece of mechanism could 
be constructed which, without adjustment, would point daily to 
12 o'clock at the moment of apparent noon. So long, thereibre, 
as the mean time was not adopted as the chronome^c measure 
for civil purposes, it was necessary daily, or at least weekly, to 
regulate all the clocks, public and private, according to the vary- 
ing time of apparent noon. This was the practice even in a 
country so enlightened as France until an epoch so recent as 1816. 
Before this time the most remarkable disagreement constantly 
prevailed among the public clocks of Paris, few of which were 
regulated sufficiently often by observations of the sun. M. Arago 
relates, that Delambre, the celebrated French astronomer, told 
him that he frequently heard the public clocks, one after another, 
striking the same hour during half an hour. 

At the time of introducing the change in the regulation of the 
clocks of Paris from apparent to mean time, the prefect of the 
Seine (which is the title of the chief of the municipality, or mayor 
of Paris,) entertained such serious fears that an insurrectional 
movement might be excited among the working classes, who, it 
was supposed, would revolt against a noon which did not corres- 
pond with the noon of the sun, or mid-day, and which conse- 
quently would divide the day, from sunrise to sunset, into two 
unequal parts, that he refused to sign the ordonnance for the 
change unless it was accompanied by a formal report of the Board 
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of Longitade to sanction it. These apprehensions, however, proved 
groundless, for the change took place nnperceived by the great 
mass of the people. 

Meanwhile the watch and clookmakers rejoiced at the change 
which established a sort of civil time, in accordance with which 
it was mechanically possible to construct timepieces. Such a 
change relieved them £rom the annoyance produced by the remon- 
strances of their customers complaining of their best constructed 
watches losing or gaining as much as a quarter of an hour, or 
even more, upon the sun. It was in vain that the celebrated 
Breguet, and his colleagues of the trade, assured them that the 
sun and not the watch was too fast or too slow. 

40. It maybe easily imagined how utterly incompatible with the 
management of public business as now conducted such an imperfect 
system of chronometric regulation would be, when it is considered 
what disastrous consequences might arise upon railways, if the 
starting, stopping, and arrival of trains, were not subject to greater 
precision than could be attained under such circumstances. 

41. However exactly the chronometric measures in a given 
place may be regulated, their indications wiU necessarily differ 
from those of similar chronometric measures in other places 
having different longitudes. The cause of this diJSTerence is 
the successive arrival of the mean sun at the several meridians 
of such places. By the apparent diurnal motion of the heavens, 
the sun, carried round the globe, arrives in succession, from hour 
to hour, at the meridians of places situate one westward of the 
other, and as the sun thus carried round makes a complete revolu- 
tion in 24 hours, it moves from meridian to meridian at the rate 
of 360* in 24 hours, or 15* per hour, or 1® in four minutes. Thus, 
at two places differing in their longitude by 1", the local time will 
differ by four minutes, that which is east being four minutes 
earlier than that which is west. 

In consequence of this the clocks in different towns of the 
United Kingdom show at the same moment of absolute time 
different hours. Liverpool, for example, being 3° west of London, 
and 1* being equivalent to four minutes, it follows that the sun 
passes the meridian of London twelve minutes before it passes 
that of Liverpool ; and as this is equally true of the fictitious sun 
which regulates civil time, it follows that mean noon at London, 
and therefore all other hours determined with relation to mean 
noon, precede the corresponding hours at Liverpool by twelve 
minutes. 

42. It has been lately proposed to assimilate the chronometric 

epochs at all parts of the United Kingdom, by means of clocks- 

which are moved with a common motion, so that their hands, 
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however distant they may be one from anotker, most always 
point at the same moment to the same hour. Such a common 
motion may be imparted to them by means of an electric current 
transmitted along conducting wires, similar to those used for the 
electric telegraph. In this way all clocks in all parts of the king- 
dom could be made to indicate the Greenwich time. 

If this measure should be adopted the civil time will have 
undergone another change, and instead of being the mean time 
proper to the place, it will be the mean time at Greenwich. 
Thus the civil time at Liverpool, for example, would differ from 
the mean time there by twelve minutes. And as the mean time 
at certain epochs already differs from the apparent time by more 
than a quarter of an hour, it will sometimes happen that the civil 
time will differ from the apparent time by nearly half an hour. 
Thus the sun may be on the meridiaji of Liverpool, and conse- 
quently the real mid-day may take place at about half-past 
eleven o*clock. 

Such a circumstance, however contradictory and anomalous it 
may appear when considered astronomically, would, however, be 
attended with no inconvenience in civil life. 

43. The length of a mean solar or civil day, and the method of 
defining the moment of its commencement, being well understood, 
it remains to show how the motion of a timepiece is regulated so 
as to represent it. 

Let us suppose a clock, the pendulum of which is intended to 
beat seconds, to be roughly regulated, so that its hour-hand shall 
make two complete revolutions in a day. This approximation to 
an exact movement may be easily accomplished by many obvious 
expedients, one of which would be to set it to twelve o'clock when 
the sun appears to have attained its greatest altitude. 

The clock, thus approximately regulated, being placed near a 
transit instrument, such as that already described (26), let the 
observer, as the sun approaches the meridian, direct the telescope 
to the point of the meridian over which it is about to pass. When 
the disc of the sun enters the field of view, and is approaching the 
wire, N s, fig. 2, let the observer look at the clock, and observe 
the exact time, and let him count the time from that moment by 
his ear as he listens to the successive beats of the clock. Con- 
tinuing thus to count, he will find that the western edge of the 
sun's disc will touch the wire n s at a certain moment between 
two successive beats, and by practice he will be able to assign the 
moment of contact between the beats. As the disc of the sun takes 
about two minutes to pass across the wire, he will have sufficient 
time to write down the exact time of the transit of the western 
edge and to return to the telescope before the eastern edge comes 
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near the wire. A^ain observing the time shown by the clock, and 
again connting the heats he observes, in like manner, the moment 
at which the eastern edge touches the wire. 
Now let us suppose the times of contact to be as follows ; — 

Contact of Western limb . . 12 10 8ft 

Contact of Eastern limb . . . 12 11 59ft 



24 22 7ft. 



Transit of sun^s centre • • 12 11 3ft 

As has been already explained, the time of the transit of the 
centre of the sun*s disc is found by adding together the times of 
the transits of the eastern and western limbs, and dividing the 
sum by two. 

It would then appear from this that the time shown by the 
clock at the moment of apparent noon is eleven minutes and three 
seconds, and nine-tenths of a second after twelve. 

Let us suppose that the observer then refers to the table of the 
equation of time for the day of the observation, and finds there 
that the moment of mean noon was 3" 32^^' earlier than the 
apparent noon. To find the time of mean noon, therefore, as 
shown by the clock, he performs the following arithmetical 
operation : — 

From apparent noon • • • . 12 11 8ft 
Subtract the equation of time . . 3 32ft 

12 7 31ft 

From which it appears that the clock is 7°* 31ft* fast. 

Leaving the clock unaltered, the same observations and calcu- 
lations are made the following or any succeeding day, and if the 
clock gives a later hour than 12^ 7°" 31ft' for mean noon, its rate 
is too fast, or it "gains." If it gives an earlier hour, its rate 
is too slow, or it " loses." Let us suppose, for example, that after 
the lapse of five days the clock gives 12'' 8"* 25ft'' for mean noon, 
we shall have 

u> M* S« 

Mean noon — sixth day • . .12 8 25ft 
„ first day . • . . 12 7 31ft 



Clock gains in five days . . .00 53ft 

The clock therefore gains at the rate of 10ft seconds per day. 
The method of correcting the rate is by lengthening the 
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pendalam, as will be explained in a fatore number of the 

MiTSETTV. 

44. When the pendulum has been exactly regulated, it "will 
swing 86400 times between the moments of mean noon on two 
successiye days. The time of 60 swings will be a mean solar 
minute, and the time of 3600 will be a mean solar hour. The 
clock thus regulated, being set to 12 at the moment of mean 
noon, will again point to 12 at mean midnight, and again at 
the succeeding mean noon, and so on. 

45. From what has been explained, it will be understood that a 
4sidereal day, or the time of the rotation of the earth upon its axis, 
is somewhat shorter than a common ciyil day. The exact propor- 
tion between these chronometric units, which is by no means an 
easy problem, has, however, been solved by astronomers, and it 
is found that 100,000000 common or civil days are equal to 
100,273791 sidereal days, or, if less extreme arithmetical precision 
be sufficient, it may be stated that in a thousand common days 
the earth makes 1002| rotations on its axis. 

From these numbers it is easy to express the time of rotation 
in Jiours, minutes, and seconds of civil time. To do this we have 
the proportion 

100,273791 : 100,000000 : : 24 : the time of rotation. 

By the rule of three, therefore, the time of rotation will be 



boun. 
2400,000000 



= 23*^ 56" 4-09». 



100,273791 

It appears, therefore, that the time of the earth's rotation falls 
short of 24 hours, such as those shown by well regulated clocks, 
tj three minutes, fifty-five seconds, and ninety-one hundredths 
of a second. 

IV. — THE WEES. 

46. Having thus explained fully the meaning of a day, con- 
sidered as the standard unit of time, and of the subordinate and 
lesser divisions of hours, minutes, and seconds, it will now be 
necessary to notice the larger chronometric units. 

The chronometric unit, in the ascending order, which comes 
next to the day, is the week.* 

47. The opinions of historians and antiquarians are much 
divided as to the date and prevalence of the custom of counting 
time by periods of seven days. It is certain, however, that among 
the oriental nations such a period has been in use from time 
immemorial. Philo Judadus, Josephus, and St. Clement of 

* From the Saxon word wboo, having the same signification. 
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Alexandria, maintained that the period of a week was in use 
among all ancient peoples. Goguet, a modem French authority, 
adopts the same opinion. Others, on the contrary, among whom 
may be mentioned Costard and Maury,* contend that no ancient 
use of the period of seven days preyailed except among the Jews, 
who took it of course from the traditions of the creation, given in 
the Pentateuch. 

48. Both these extreme opinions, but especially the latter, are 
erroneous. The week, as a division of time and multiple of a day, 
was in general use among the ancient Chinese, the Egyptians, 
the Chaldeans, and the Arabs, as well as among the Jews. It 
was not in the calendar of the Greeks, who divided the month 
into three periods of ten days, and it was not adopted by tke 
Eomans untD. the time of Theodosius, who reigned in the latter 
part of the fourth century of our era. There is properly no word 
in the Latin classics equivalent to the term W££K. Hehdofrms 
signified seven of anything, and when applied to days had 
reference to diseases, in which the physicians held (as now 
appears erroneously) that crises were manifested of which the 
periods were 7, 14, and 21 days. 

While most authorities trace the use of weeks to the Mosaio 
account of the creation, others ascribe it to the phases of the 
moon, and others again to the planets as known to the ancients. 
The lunar phases not being even nearly commensurate with the 
week, they can scarcely be regarded as the origin of this chrono- 
metrio unit, and the denomination of the days having in all 
languages more or less reference to the celestial objects, the latter 
opinion seems to be most generally entertained. 

49. In the ancient Egyptian astronomy, the sun and moon being 
included among the planets, and of the bodies properly called 
planets, five only being known. Mercury, Venus, Mars, Jupiter, 
and Saturn, the total number of planets was taken to be seven. 
They were ranked in the order of their supposed distances from 

I the earth as follows : — 



1. Saturn 

2. JupiTsa 

3. Mabs 

4. The Sun 



5. Vknits 

6. Meroubt 

7. The Moon. 



Dion Cassius, an eminent historical writer of Rome, who was 
consul about 220 a.d., gives the following explanation of the 
manner in which the Egyptians derived the names of the days of 
the week, and their order, from those of the seven planets. 

* See dissertation by M. Biot upon the astronomical chronology. — ^Mem. 
Acad. Sc. tome xxii. 
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The series of hotjes without reference to days were resolved 
into periods of seven, each dedicated to a planet. Thus the first 
hour was dedicated to Satxten, the next to Jttpitee, the third to 
Maes, and so on. The day, however, being divided into twenty- 
four hours, which is not a multiple of seven, it followed necessarily 
that each successive day would begin with an hour dedicated to a 
different planet. Let us see then how the days would, according 
to such a system, succeed each other. 

The day which begins with the hour dedicated to Saturn would 
evidently end with the hour dedicated to Mars, for the twenty- 
four hours would consist of three complete periods of seven, and 
the twenty-fourth hour would be the third of the fourth period and 
would consequently be the hour dedicated to Mars. The first hour 
of the next day would be that dedicated to the Sun, In like 
manner this day beginning with the hour dedicated to the Sun, 
and consisting of three hours more than three compltete periods, 
would end with the hour dedicated to Mercury, and the next day 
would begin with the hour dedicated to the Moon. 

The succeeding day would in like manner commence with the 
third in order from the Moon, that is. Mars ; the next with the 
third in order from Mars, that is Mercury ; the next with the 
third in order from Mercury, that is Jupiter ; the next with the 
third in order from Jupiter, that is Venus ; and after Venus the 
series would recommence with the hour dedicated to Saturn, 

Thus in each successive period of seven days, the first hour of 
each successive day of the period would be dedicated to the 
planets in the following order : — 



1. Satttrw 

2. The Sun 

3. The Moon 

4. Mass 



5. Mercubt 

6. Jupiter 

7. Venus. 



The Latin names of the days are in accordance with this, 

1. Dies Saturni (Saturn's day) 

2. Dies Solis (Sun's day) 

3. Diss Lunae (Moon's day) 

4. Dies Martis (Mars' day) 

5. Dies Mbrcurii (Mercury's day) 

6. Dies Jovis (Jupiter's day) 

7. Dies Veneris (Venus' day). 

These names are retained in the English language for Satfe- 
DAY, Sunday, Monday. The names for the days dedicated to 
Mars, Mercury, Jupiter, and Venus have been taken from Saxon 
divinities. 
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The days of Mars, Jupiter, and Venus have been called Txtes- 
DAT, Thtjbsdat, and Fmdat, from Tuesco, Thok, and Fkigga, 
the Mars, Jupiter, and Venus of the Scandinavian mythology. The 
day of Mercury has been called "Wednesday, from Wodin or 
ODiNy^ the chief of the gods. 

In aU legislative and judiciary acts and documents, the Latin 
names of the days of the week are still retained. 

Derivations of the Latin names, with one or two exceptions, 
are used in the languages of Western Europe. Sunday is an 
exception, the name of which is a derivative of Dies Dominica, 
the Lokd's-Day, and Sattjiu)ay, in Italian, is Sabbato, the 
Sabbath, that day being the Jewish Sabbath. 

There is another method of connecting the series of days of the 
week with the seven celestial objects from which their names have 
been taken, so as to explain the order in which they succeed each 
other, which if it be only from respect to its antiquity may be 
worth mentioning here. 

The ancient astrologers, among whom were included a large 
number of astronomers, properly so called, imagined a mystical 
£gure, in the centre of which the earth was placed, surrounded by 
the seven celestial bodies dividing the circular space as shown in 
^, 4, into seven equal arcs. From each planet's place two straight 
lines were supposed to be drawn to the places of the two most 
remote planets in the circular order, so as to form seven triangles, 
each of which has two rectilinear sides and an arc of the circle as 
its base. The planets succeed each other round this circle in the 
order of their then supposed distances, in the same manner as 
already explained. Thus Saturn is succeeded by Jupiter, which 
is foUowed by Mais, and so on as in the former case. 

Now let us suppose that commencing from any one planet, the 
moon for example, we follow in regular succession the intersecting 
straight lines, we shall find that the planets succeed each other in. 
the same order as that of the days of the week, or in the contrary 
order. Thus proceeding from A, we pass to B, from B to c, and so 
on, following the course indicated by the arrows, and the names of 
the planets at a, b, c, d, e, f, and g are precisely those from which 
the names of the days of the week, beginning from Monday and 
ending with Sunday, are taken. If we had followed the other 
course against the direction of the arrows, we should have obtained 
the names in a contrary order, as if we went backwards through 
the week. 

In the cabalistic doctrines of astrology there were various 
influences imputed to the succession of planets thus obtained, with 
which we have however here no concern. 

In both systems the number seven which forms the basis of the 
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chronometric period of a week had its origin in the supposed 
number of the planetary bodies. This number seven was in other 
respects regarded by the ancients as being invested with various 
mystical influences, and as being reproduced in forms inflnitely 
various, not only in the natural objects and phenomena, but even 
in human events. There were the seven stars, the seven cardinal 
sins, the seven wonders of the world, the seven critical days in 
human maladies, the thrice seven years which converted a youth 
into a man, and so on. In short the number seven was regarded 
with a sort of religious veneration, so that the announcement of 
an eighth or ninth planet in Egypt, Greece, or Rome would, as 
Arago wittily observed, have been regarded as such a heresy as to 
bring upon ttie unhappy discoverer the maledictions of the priests 
and even the punishment of death instead of the honours and 
rewards of academies and universities. 

50. The week being an arbitrary and conventional chronometric 
period, having no relation to any natural phenomenon, the day 
which begins it is equally so. In the Hebrew Scriptures its origin 
being connected with the narrative of the creation, and the institu- 
tion of the Sabbath being a perpetual commemoration of the 
succession of divine acts by which the present state of the earth 
and the creatures which inhabit it were called into being, the 
seventh, or last day of the week, would naturally be that upon 
which the Sabbath is celebrated, and according to this principle 
Sunday would be the last and Monday the flrst day of the week. 
Such, however, has not been the conventional arrangement. The 
Sabbath, or seventh-day of the Jews, was the morrow of the Cruci- 
fixion, and was Saturday ; the succeeding day being that of the 
Besurrection, was consequently the first day of the Jewish week. 

Among Christians, this first day has accordingly been celebrated 
as Sunday, or the day of rest and prayer, the Jews still of course 
observing Saturday as their Sabbath. 

It has therefore been generally agreed to caU Sunday the first 
day of the week, but to invest it with those sacred attributes and 
characters which in the fourth commandment were conferred upon 
the seventh day. 

V, — THE MONTH. 

61. The next chronometric unit is the month, a name which 
implies some correspondence with lunar phenomena. The relation 
of this division of time to the moon is apparent in all languages. 
Thus, while in Greek firiv (m5n) is months fi-fivri (m6n6) is moon, 
both being derived from the Sanscrit m1, measure, the Persian 
hIh signifying also month. 
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The sun and moon move round the celestial sphere in the same 
direction from west to east, but the moon moves more than thirteen 
times faster than the sun, and consequently makes more than 
thirteen revolutions of the heavens while the sun makes one. 
The moon is therefore constantly either departing from or 
approaching to and overtaking the sun. At the moment it over- 
takes the sun it is said to be in conjtjnction, and is called new 
HOON. At the moment it is in the opposite part of the heavens, 
and when therefore it is 180" removed from the sun, it is in 
opposition; and as it then presents its enlightened hemisphere 
directly towards the earth, it appears with a complete circular 
disc, and is called ftjll moon. When it is a quarter of the 
heavens, or 90", before or behind the sun, it is said to be in the 
QUABTEBS, and appears as an enlightened semicircle, and is called 

HALF MOON. 

The time which the moon takes to make one complete revolution 
of the heavens, is called the moon's "period," or "periodic 
time," and is found by the most exact modem observations to be 

27-32166 days 
expressed in decimals. If expressed in hours, minutes, and 
seconds it is 

27* 1^ 43" 11^-. 

The moon's period is unsuitable for a measure of civil time for 
two reasons : first and chiefly because the moment which terminates 
one period and begins the next, is not marked by any conspicuous 
and generally observable phenomenon, and can only be ascertained 
by astronomers ; and secondly, because it is incommensurable with 
the fundamental chronome^c standard, the day, and as will 
hereafter appear, equally so with the year. For these reasons it 
has never been adopted as a chronometric unit either for civil or 
astronomical purposesw 
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The interval between two successive conjunctions of the moon 
with the sun, or between two successive new moons, is greater 
than the moon's period. If we suppose the sun and moon to start 
together from conjunction, the moon moving more than thirteen 
times faster, immediately goes before the sun ; and as the sun 
moves at the rate of about 1** per day, the ikLObn mu&t move at the 
rate of more than 13" per day, and consequently departs from the 
sun at the rate of more than 12" per day. "When the moon has 
made a complete revolution, that is at the end of 27*32166 days 
from conjunotion^ the sun will have advanced about 2^ from the 
place at which the moon arrives after having complieted its revo- 
lution. The next conjunction or new moon cannot take place 
therefore until the moon overtakes the sun, and as it advances upon 
the sun at the rate of a little more than 12° per day, it Vill take 
somewhat more than two days to come up with it. In fine, by 
the most exact observations and calculations, it has been found 
that the interval between two successive conjuntitiopjs is 

29-530589 days 
expressed decimally, or in hours, minutes, and 'Seconds 

29* 12»» 44" 2*89*. 
This interval is called a lunation, and it exceeds 29| days, as it 
appears, by a little less than three quarters of an hour. 

Although the lunation is not conmiensurable with either the 
day or the year, yet its recurrence, and even its fractional parts, 
are marked by phenomena so striking and so universally observable 
without instruments, that in all ages and all countries it has by 
common consent been used to measure time, the fractional parts 
by which it exceeds 29 and faUs short of 30 days, being com- 
pensated by various expedients. 

The evident object to which the adoption of months was directed 
was to establish a convenient chronometric unit, holding an inter- 
mediate place between the week and the year ; such unit to consist 
of a complete number of days without a fraction, and to be at the 
same time an exact submultiple of the year ; that is, such an 
interval that the year should be an exact multiple of it, and finally 
that it should be in as near accordance as might be found prac- 
ticable with the period of the lunar changes. 

That various nations in different ages should be found incomplete 
disaccord in their attempts at the satisfaction of these several con- 
ditions, and that the usages and chronological forms into whicli 
these attempts resolved themselves should exhibit much confusion, 
will not be at all surprising when it is considered that the condi- 
tions themselves are not only incompatible one with another, but 
their satisfaction utterly impracticable. 

These conditions involve the consideration of three distinct 
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ohronometric periods, the diurnal, the lunar, and the solar or 
annual. The lunar period, whatever be the phenomena on which 
it is based, whether it be the actual time of ihe revolution of the 
moon round the earth, or the interval between its phases, that is 
between fuU moon and fall moon, is neither a multiple of the day 
nor a submultiple of the year. A month therefore, determined by 
the lunar period in whatever way it be considered, could not 
consist of an exact number of days, nor be so taken that the 
year should consist of an exact number of months. 

52. All real conformity therefore between the chronometrio 
periods derived from, the sun and moon must very soon have been 
found to be unattainable, and the problem was therefore limited 
to the establishment of a convenient subdivision of the year, 
holding a place between the day and the year, dividing the year 
into an exact number of equal parts, which should be neither too 
great nor too small for social convenience. 

53. Now let us consider how far these several conditions were 
attainable. 

A year, as will presently appear, consists of 365 days and a 
fraction. In its chronological effects this fraction is attended 
with many inconveniences of its own, but we shall for the present 
disembarrass ourselves of it and consider the year as the ancients 
did, to consist of the round number of 365 days. 

This number is somewhat unmanageable when the object is to 
resolve it into equal parts, each of which shall be a whole 
number. It is divisible without a remainder by 5 and by 73, but 
by no other whole number. 

It follows from this that the year admits of only two subdivinoos 
fulfilling the prescribed conditions. It may be divided into 73 
intervals of 5 days, or into 5 intervals of 73 days. 

The former subdivision being less than a week, would be obvi- 
ously inadmissible. By the latter the year would oonsist of 5 
equal divisions of 73 days. 

Would such a division fulfil the conditions ? Would it be too 
great for social convenience P 

The most conclusive practical answer totliis qioertion naf lie 
derived from the concurrent testimony of all natioBS «uffieiesitit|r 
advanced to know that the year ooaoMOsU of 365 days. It imut 
have been evident that a division into 5 equal pexaods of 73 6a.j§ 
could be made. Nevertheless no eudh divifiiaQ of tiae year was 
ever proposed. By this conmuHi ccttseat therefino sneh a BuMiwi- 
sion has been tacitly but unoquiToeally pronoooieed to be nmwiTtiifcift 
to the purposes of mankind. 

54. Seeing then that no division of <ike yea into oqnil fccuMb 
was practicable, two expedients only were firesented; jfirc^, 4o 
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divide the year into a certain number of eqtial parts, witk a 
remainder, and to count that remainder as a supplemental part, 
just as in arithmetic, when the dividend is not exactly divisible 
by the divisor, we give the quotient, and name the remainder ; or, 
secondly f to resolve the year into some convenient number of 
unequal parts, which would be effected by distributing the days 
composing the remainder between the equal divisions obtained by 
tlie former expedient. 

Both of these expedients have accordiagly been adopted by 
different nations in different ages, but the latter has eventually 
received the general preference, and the year is now, by all the 
more civilised nations of the world, divided into twelve unequal 
parts, called, somewhat inappropriately, months. 

55. The Egyptians, adopting the first of the expedients above 
stated, divided the year into twelve equal months of thirty days. 
The remaining five days formed a complementary division at the 
end of the year, and were intercalated before the commencement 
of the next year. 

56. The division of the year into months by the Greeks was not 
only incongruous and obscure, but no two states of the confedera- 
tion agreed either in the number, or the lengths, or the names of 
their months, nor even in the beginning of their year. Generally, 
however, all agreed in resolving the year into twelve months of 
unequal lengths. Some states commenced the year at the summer 
solstice, some at the winter solstice, and some at or near the 
autumnal equinox. A dozen or more separate states called the 
months by different names. Some months were designated by 
specific names, while others were indicated only by their nume- 
rical order, counting from the beginning of the year ; but as the 
states did not begin their years from a common epoch, months 
having the same numerical designation in different states corre- 
sponded to different seasons. Thus, the fifth Attic month, 
corresponded with November, the fifth Lacedemonian with 
February, the fifth Boeotian with May, the fifth Delphic with 
January, and so on. The enormous confusion which must arise 
from such discordance between different provinces of a nation, 
having the same language, and the numerous and perplexing 
difficulties of interpretation of Greek authors, writing according 
to such different customs, can be easily imagined. 

We forbear to encumber our pages with the eleven series of 
names of these months, which, being all obsolete, would have no 
other utility than to aid the interpretation of the Greek authors. 
Those who desire such information, will find sufficient for their 
purpose in the ** Dictionary of Greek and Roman Antiquities" of 
Dr. Smith, Art. Calcndarium. 
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57. Notwithstanding the discordancy and obscurity which sur- 
round the records and usages of the Greeks, in relation to their 
calendar, their knowledge of the period of the lunar phases which 
served as the basis of their chronometric system, attained at an 
early epoch of their history extraordinary precision. The lunation 
was estimated at 29| days, which is within three quarters of an 
hour of its exact length, and it was assumed as their month. 
Solon went even so far as to make the month exactly conformable 
to it. The thirtieth day was divided between two successive 
months ; the first half, from sunrise to sunset, being given to the 
expiring month, and the other from sunset to sunrise to the 
new month. The day thus shared between two different months 
was called Zvfi Koi yta, the old and new day. This correction, 
however, was only applied to every other month, the intermediate 
months being limited to twenty-nine days. 

At a later period, when this had fallen into disuse, the 
same name, ifvi? koI vw, was applied to the last day of the month 
generally. 

58. If any evidence were sought to illustrate the difficulty 
which has attended the attainment of a degree of perfection in 
the art of counting and recording time, it would be found in a 
review of the state of that art among the Greeks and Romans, the 
two most enlightened and civilised nations of antiquity, to whose 
labours in literature and the sciences the modems are so largely 
indebted. 

Nothing that can be imagined can exceed the confusion and 
absurdity which prevailed in the Eoman chronometric conventions 
before a very late period in the progress of the empire. 

Romulus, the founder of Rome, established a year, consisting of 
ten months, six of which had thirty, and four thirty-one days, 
making the year 304 days. 

Since the names given to these months have, for the most part, 
come down to modem times, and have been adopted in our own 
nomenclature, it will be useful here to state them, and notice their 
origin. 

The first four months of the year of Romulus were called, 
Mabs, Afsllis, Maia, and Junius, from whence our names 
March, Apeil, Mat, and June. 

59. The first took its name from Mars, the father of Romulus, 
according to the Roman fable. 

The origin of the second is somewhat uncertain, some deriving 
it from the Xiatin word aperire, to open^ allusive to the state of 
yegetation in spring ; and others from AphrodiUf one of the Greek 
names of Yenus. 

The names of May and June were taken obviously enough 
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from Mala, tlie mother of Mercury, and Juno, the queen of the 
gods.* 

The names of the other six months, expressing merely their 
numerical order, were — 

October (the eighth) 
Noyember (the ninth) 
December (the tenth). 



Quintilis (the fifth) 
Sextilis (the sixth) 
September (the seventh) 



60. A year of 304 days could not long endure, since it would be 
soon thrown into discordance with the nature of things. It was, 
accordingly, no later than the succeeding reign, that of Numa, 
that two months were added to the year. These were called 
Januakt and Febkuakt. 

In the first instance, February stood before January, the former 
being put at the end, and the latter at the beginning of the year. 
This order was, however, subsequently reversed, and January 
remaining the first month of the year, February became the 
second, March being the third, and so on. This will explain 
a circumstance, which often excites inquiries in relation to the 
last four months of the year, which appear to hold an order in the 
series of months different from that indicated by their names. It 
must be remembered, that when they received their names March 
was the first month. 

61. Janitaky, the first month of the year, took its name from 
Jantjs, a divinity who held an important place in the Roman 
religion. Janus presided over the beginning of every thing ; he 
was the guardian deity of gates, and was represented with two 
faces looking to opposite sides. He was on this account selected 
to preside over the first month. 

FEBEirAKT took its name from Februtts, an ancient Italian 
divinity, whose rites were celebrated during the latter part of that 
month. This divinity also presided over the dead, whose festival, 
called Feealia, was celebrated about the same time. 

At a later period, the names of the months Qtjintilis and 
Sextilis were changed to those of Jxtliits and Augitsttjs, to 
commemorate these Emperors, the former of whom, as we shall 
see, was signalised by a most important reform of the methods of 
recording time. These names are continued by us for the months 
of July and August. 

Such was the origin of the present names of the twelve months 
of the year. 

« 

* Ovid gives a different derivation of the names of May and June — 
namely, that they are the months of the old (majores) and young (juvenes) 

** Tertius asenibas, javenum de nomine quartns." 

Fasti, Book I. line 41. 
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62. Unequal as were the lengths of the months instituted by 
Eomulus, still greater inequality, irregularity, and confusion, 
were introduced by his successors. In the Bomulian year of 
ten months, the months of March, May, Quintilis (afterwards 
July), and October, had each thirty-one days, all the others 
having thirty. When it was decided to render the year more 
conformable to the solar phenomena, by increasing its length, 
it was resolved to add fifty-one days to it; but this being 
considered too much for one month, and too little for two, one 
day was taken for each of the six months having thirty days ; 
and the fi%-seven days thus obtained were divided into two 
months, twenty-nine being given to January, and twenty-eight 
to February. 
The months then stQod as follows : — 



Jannary. . . .29 
February . . . . 28 
March .... 31 
April . . . . 29 
May . . . .31 
June 29 



Bayi. 
July (then QuintiUs) . 31 
August (then Seztilis) . 29 
September. . . . 29 
October .... 31 
November , . . . 29 
December . . .29 



The practice of such arithmetical caprices in dealing with 
matters upon which all chronological and historical records must 
more or less depend, would seem inexplicable if tradition had not 
supplied a clue to it. Why, for example, take a day &om each 
of the months of thirty, instead of the obvious expedient of taking 
the odd day from each of those having thirty-one days ? 

63. It appears that in these times odd numbers were regarded 

as lucky or auspicious, even ones unlucky or inauspicious. A 

point was therefore made to create divisions of time, consisting, 

as far as possible, of odd numbers of days ! Months of twenty-nine 

and thirfy-one days were, therefore, preferable to months of thirty 

days. Fifty-one days being added to 304, gave a year of 355 

days, which, being an odd number, answered very well. But it 

was impossible to divide an odd number into twelve parts, all of 

which are odd, since twelve odd numbers added together would 

make an even number. One of the twelve months was doomed, 

by the very nature of things, and the laws of number, to consist 

of an even number of days. This unlucky number was, therefore, 

as a matter of course, assigned to February, over which the Genius 

of Death presided, and which was appropriated to the celebration 

of the Festival of the Dead. Hence it arose that February has 

the exceptional number of twenty-eight days. 

Before we hastily visit with harsh censure this most absurd 
superstition, let us pause, and look at home, and see if we be 
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ourselves totally exempt from ideas altogether as absurd, if not 
quite as miscliieyous. Who has not met with persons professing 
some claims to education and intellectual position, who object to a 
dinner party composed of thirteen, and to an odd . number of 
candles being lighted on certain occasions? How many who 
would consider tibiemselyes insulted if they were charged with 
ignorance, object to start upon a journey, or to oommence^any 
serious enterprise on a Friday ? 

The difficidty of recollecting which months have thirty-one and 
which only thirty days, has been so generally acknowledged, that 
various technical aids to the memory have been contrived by which 
they may be at any moment ascertidned. 

If the months be reckoned in numerical order from the 
beginning of the year, the odd months, as far as the seventh, and 
the even ones afterwards, are those which have thirty-one days. 
Thus, they are the first, third, fifth, seventh, eighth, tenth, and 
twelfth, which are January, March, May, July, August, October, 
and December. 

When we close the hand there are four projecting knuckles of 
the four fingers, with depressions between them. If we give the 
knuckles and intermediate depressions the names of the successive 
months, recommencing from the first knuckle, after having once 
gone over them, we shall find that the months of thirty-one days 
are those which fall upon the knuckles. Thus, the knuckle of the 
first finger is January, that of the second March, that of the third 
May, and that of the fourth July. Eecommencing then, that of 
the first is August, that of the second October, and that of the 
third December. 

Every one is familiar with the lines — 

** Thirty days hath Noyember, 
April, June, and September ; 
February hath twenty-eight alone, 
And all the rest have thirty-one." 

64. The first day of a month was called by the Romans Caxends^ 
a name which was also applied to the months themselves. Hence 
it came that a table, showing for the current year the succession 
of months, and of the days in each month, came to be called a 
Calendae. 

65. The name Calends was not used by the Greeks. Hence 
arose a saying when any thing was indefinitely adjourned, that it 
was postponed to the " Greek Calends." 

66. The seventh days of the four great months, as those con- 
sisting of thirty-one days were denominated, and the fifth days 
of all the lesser months, consisting of twenty-nine days, were called 

NOXES. 
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67. In like manner, the fifteenth days of all the great months, 
and the thirteenth of all the lesser months were called Ides. 

68. The cause of this difference of position of the ides and nones 
in the greater and lesser months is to he found in the Eoman 
custom of counting time backwards. Thus, in all months, greater 
or lesser, the ides were the seventeenth days, and the nones the 
twenty-fifth days, counting hackwards from' the last day inclusive. 

It was not only the nones and ides themselves that were 
coimted backwards, hut also the intermediate days. Thus, in a 
month of thirty-one days, the first six days were called succes- 
sively as follows : — 



1st day 
2nd „ . 


Calends 

Sixth before the nonea 


8rd ,, . . 
4th „ . • . 
5th ,, 
6th ,, .. 


. Fifth • „ „ 
Fourth ,, „ 
Third „ „ 
The eve of the nones 


7th „ 


The nones. 



In the same manner, the days succeeding the nones were 
counted backwards from the ides, and those succeeding the ides 
counted backwards fcom the calends of the next month. 

Although carried to such an extent, the practice of backward 
reckoning was absurd ; the method is, in certain cases, obviously 
convenient, and is still in general use. When remarkable festival 
days and anniversaries occur, we ,all find it convenient to name 
the preceding day their eve, and we even sometimes refer to the 
second or third day before such or such a remarkable epoch. 

69. The periodic returns of the seasons taking place at intervals 
of about 365 days, could not remain long in accordance with a 
year of 355 days. This was soon perceived; and of all the 
inexplicable expedients of which the management of chronometric 
regulation affords any example, certainly the most curious by far 
was that by which it was attempted to bring the civil iato accord- 
ance with Ihe natural year. 

Imperfect as the knowledge of astronomy was in these times, 
the mere observation of the returns of the seasons, such as all 
agriculturists in the rudest state would have made, was enough 
to show that 355 days was ten or twelve days less than the period 
of the seasons ; and, therefore, that by continuing to count time 
by such a year, the seasons would return ten or twelve days later 
from year to year. 

70. Numa, the successor of Komulus, who, as has been already 
stated, modified the calendar, decided that the civil year should 
be brought into accordance with the period of the seasons, by 
introducing into every other year a thirteenth month, called 
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Mebcebonius, consisting alternately of twenty-two and twenty- 
three days. So far the expedient presented nothing very 
singular, but the manner in which this supplemental bi-annual 
month was introduced was most curious. It was decreed that 
the progress of the month of February in every other year should 
be suspended at the end of the twenty-third day, and that then 
the month Mercedonius should commence, and that, when it was 
completed, the month of February should be continued to its last 
day ! Thus Mercedonius was wedged in between the 23rd and 
24th of February. In these alternate years, the day after the 
23rd February was the 1st Mercedonius, and the day after the 
22nd or 23rd Mercedonius, as the case might be, was the 24th 
February, and the succeeding days the 25th, 26th, 27th, and 28th 
of February ! ! I 

71. The term month has been used in different senses, one of 
which is the interval during which the moon makes a complete 
revolution roimd the earth. 

Four weeks exceeding this interval by no more than sixteen 
hours, that period of time has been also called a months Accord- 
ing to Blackstone, this is the legal sense of the term, unless 
a different meaning be expressly given to it. A lease for twelve 
months is a lease for forty-eight weeks.* 

VI. — THE YEAE. 

72. This is the largest of the chronometrio units, and is con- 
sequently that by which all long periods are expressed. 

73. What is a yeae P To most persons it may seem that such 
& question is superfluous, forasmuch as every one must very well 
know what a year is. If we press for an answer, and sift such 
as are given, the matter will not, however, prove to be so plain 
and so easy. t 

Some may reply that it is the interval of time during which 
the sun makes a complete revolution of the heavens. 

Others will say that it is the interval determined by the 
periodical recurrence of the seasons. 

The question would be stripped of part of its difficulty if these 
two intervals were the same. But they are not. If it be replied 
that their difference is not great, we may rejoin that the difference, 
however small it may be, will become great by accumulation, and 
that when the question relates to centuries it may be such as to 
throw the two definitions into utter discordance. 

In explaining the circumstances attending the diurnal unit, we 
showed that one essential condition attending it was, that it 
should be invariable ; in other words, that every succeeding day 

* Blackstone, ii. chap. 9. 
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should have exactly the same length. The same condition is 
indispensable ; and for the same, and even stronger, reasons in 
the case of the annual unit. Tet the natural standard from 
which that unit is taken, the periodical return of the seasons, like 
the periodical return of the sun to the meridian, is subject to a 
certain variation. It is on that account unsuitable for a standard 
measure of time. This defect, however, is removed by an expe- 
dient similar to that by which the mean solar day was substituted 
for the apparent solar day. A fictitious period is assigned to the 
return of the seasons, which is a mean between the extreme 
variations of the actual period which marks their successive 
returns, and this fictitious period, which is invariable and never 
differs much from the real period, being sometimes a little more 
and sometimes a little less, is adopted as the chronological year. 

Unfortunately for the facility of chronology, however, neither 
this nor any other standard measure of time based upon the 
succession of seasons, consists of an exact round number of days 
without a fraction ; nor has the fractional part remaining over a 
whole number of days the advantage of amounting by any extent 
of repetition to a day, or even to any whole number of days. 

This circumstance, as will presently appear, has been productive 
of grave inconvenience in history and chronology. 

74. In their first rough attempt at the establishment of the 
annual standard of time, the Egyptians gave the year 360 days, 
divided into twelve equal months of 30 days. 

This is supposed to have been the origin of the division of the 
circle into 360 degrees, and indeed of the 'prevalence of a duode- 
cimal modulus in many olher popular measures. 

The subsequent addition of the five complementary days is 
attributed to an Egyptian god or hero called by the Greeks 
Hebhes, with the distinguishing appellation of Tbisheoistos, 
thrice^greateat 

75. This interval of 365 days was as near an approximation to 
the period of the seasons as could be made in round numbers. 
Nevertheless its continuance would, after the lapse of a certain 
time, have been the cause of inextricable confusion. Let us see 
whether we cannot make this apparent. 

The true period marked by the return of the seasons is now known 
to differ from 365 J days by a little more than eleven minutes. This 
difference, minute as it is, has been the cause of great difficulties 
in history and chronology. Let us, however, for the present put 
it out of view, and take the year as being 365^ days exactly. 

After the lapse of one year of 365 days the seasons would, 
therefore, return a quarter of a day later than in the preceding 
year. After another year of 365, they would return half a day 
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later; affcer another, three-quarters of a day later; and after four 
years they would be an entire day later. Thus if spring began 
in the first year on the 21st March, it would begin in the fourth 
year on the 22nd March. In like manner it would begin in the 
eighth year on the 23rd, in the twelfth, on the 24th, and so on ; 
being one day later every fourth year. In 30 times four years 
it would be a month later ; and in 182^ times four years — ^that is 
in 730 years — it would be just six months later, so that Spring 
would commence on tiie 21st September, and Autumn on the 
21st March. The first day of Summer would be 21st December, 
and tiie first day of Winter would be 21st June. 

Such would be the ultimate effects ensuing from the adoption 
of a year of 365 days. 

The confusion, historical and chronological, which would ensue 
from such a method of recording time must be obvious. K we 
found any event recorded in remote times which might have been 
affected by the season of the year at which it occurred, its date would 
supply no immediate indication of that. For anything indicated 
by the month in which it took place, it might have been in any 
season whatever. Spring, Summer, Autumn, or Winter. It is true, 
however, that the season might be discovered from the date, by 
calculating backwards, and allowing a day for every four years. 

It is clear that after a period of four times 365 years — ^that is 
1460 years — ^the seasons would return to the same days, having 
in the interval commenced upon every day of the year from the 
first to the last. 

76. This discordance between the year of 365 days and the 
period of the seasons caused the former to be called the Vagtte 
year ; the period of 1460 years, after which the seasons would 
return to the same days, was called the Sothic pebiob, from 
some supposed relation to the dog^star^ called Soxnis. 

77. However obvious were the objections attendant on the 
adoption of the year of 365 days it was not without defenders 
and partisans. The advantage claimed for it will, in our times, 
appear curious. It was said that such a year would cause all the 
festivals to fall successively upon every day in it, and would thus 
sanctify the entire year ; just as if a Christian would at present 
advocate it on the ground that Christmas would in the course of 
fourteen or fifteen centuries fall upon every day in each season, of 
spring, summer, autumn and winter ! 

78. The Greeks, as we have seen, first measured time by months 
consisting alternately of 29 and 30 days, giving an average of 
29| days, a very close approximation to the true mean length of a 
lunation, and l^eir year consisted of twelve such months. Such 
a year, however, consisting of only 354 days, deviated from the 
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periodic return of the seasons by more than eleven days, and 
after the lapse of no more than three years the seasons were put 
back more than a month ; and after a period of eighteen years 
they were actually reversed, midsummer taking the place of mid- 
winter, and vice versd. The return of the seasons constituted so 
obvious and so natural a measure of the year, and was so inti- 
mately connected with the prosecution of human afiairs, and 
especially with agriculture, that no measure of the year which 
varied so much from it could be long maintained ; and, as we 
have already stated, attempts were soon made in all the provinces 
of Greece to bring the series of twelve months into accordance 
with the period of the seasons, by adjusting their several lengths 
so as to make a total of 365 days : an interval so near the true 
succession of the seasons that an age must elapse before any 
important discordance would have been rendered manifest. 

Religious questions, however, intervened and raised serious 
difficulties among the Athenians. The festivals and ceremonies 
connected with the worship of the gods all originated at an early 
epoch when the lunar phenomena alone formed the basis of their 
chronology. Certain observances were required to be made in certain 
phases of the moon, and when those phases, by the changes in the 
lengths of the months, no longer recurred upon the same days of 
the year, but assumed a character similar to that of the moveable 
feasts of the Christian church, it became necessary in order to fix 
beforehand the times of their celebration, to calculate the days of 
the lunar phases, and, in a word, to create a calendar. 

The difficulties which thus arose in the imperfect stat6 of 
astronomical science at that epoch were seriously aggravated by 
a command proceeding from an oracle, to the effect that certain 
festivals appointed to be celebrated under particular lunar phases 
should be also held at certain seasons of the year. This at once 
rendered necessary the solution of the problem to bring into 
numerical accordance the series of lunations and the succession 
of the seasons, a problem which was at the time as far removed 
beyond the skill of the astronomers as that of the priests. 

79. At length, about 432 B.C., Meton, an ancient astronomer, 
succeeded in obtaining a solution of it which, if not absolutely 
complete, was regarded as so satisfactory as to excite an outburst 
of popular enthusiasm. He stated that 235 lunations were 
exactly or so nearly equal to nineteen years that at the end of 
that period the full moons would again fall upon the same days of 
tffe year, and that, consequently, if the series of full moons were 
recorded for any single period of nineteen years, indicating the days 
upon which they severally took place in each year, they must recur 
upon the same days in every succeeding period of nineteen vears, 
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and most Have in like manner oconrred upon the same days in 
every past period of nineteen years. Tlius all calculation of the 
recurrence of the lunar phases was rendered unnecessary. The 
lunar calendar of any interval of nineteen years was merely a 
reproduction of the limar calendar of the pr^eding interval. 

This period of nineteen years was, and is still, called the 
Metonig Cycle, 

80. This discovery which was made puhlio by Meton on the 
occasion of the celebration of the Olympic games in 432 e.g., ex- 
cited such unbounded enthusiasm and admiration, and the benefits 
it conferred upon chronology were so highly appreciated, that the 
numbers expressing the dates of the full moons in a cyde were 
ordered to be inscribed in letters of gold upon the public monu- 
ments, and upon tablets in Ihe temples of the gods. It is to this 
circumstance that is ascribed the fact that these numbers were after- 
wards usually written in the almanacks in gilt characters, and 
later when printing had been invented, they were distinguished 
by being printed in red ink, and they thus acquired the name of 
golden numbers, by which they are distinguished in the calendars 
of the present day. 

81. Neither the brilliancy of this discovery, nor the glory of 
the Olympic crown, nor the great popularity with which he was 
surrounded, protected Meton from the shafts of his illustrious 
contemporary Aristophanes, who attempted to turn him into 
ridicule and bring him into discredit by introducing him among 
a group of charlatans in the well-known comedy entitled << The 
Birds" {Oftytees). 

82. It is a curious fact that the accordance of the succession of 
the lunar phases with the Metonio cycle has become more and 
more precise, as the motions of the sun and moon in the heavens 
have been moce exactly ascertained. The mean length of a 
limation, which was already known in Meton's time with great 
precision, is 29*530589 days, and consequently 235 lunations 
consist of 

29-630689 X235«»=6939* 16»» 31" 19-. 

The mean length of the year, which was not so well ascertained 

in Meton's time, is now known to be 365*24224 days, or 

365* 5»» 48" 49*5% 

and consequently nineteen such years consist of 

(365* &" 48" 49*5-) X 19=6939* U^ 27- 41-, 

from which it appears that 235 lunations exceed nineteen years 

by 2^ 3» 38-. * 

After each interval of 19 solar years, therefore, the successive 

lunations would commence 2^ 3"* 38* later. 

63. It has been already stated iAuii the Bomacn year consisting 
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first of 304 days, was immediately increased to 355 days; and that 
ultimately, by the complementary month called Mercedonins, 
45 days were added to every fourth year. Thus each series of 
four years consisted of 

DAYS. 

1 355 

II 365 

III. ... . .355 

IV. . . ... 400 

1465 

So that the four years consisted of 1465 days. 

The true length of four solar years being, however, only 1461 
days, four Roman years as thus established would be four days 
too long ; so that every four years the seasons would fall four 
days earlier in the year, and in the short period of thirty years, 
they would be severally moved back a month. 

84. This consequence being soon rendered apparent, a remedy 
for it became necessary, and that which was first adopted was one 
of the worst expedients that could have been imagined. A dis- 
cretionary power was given to the pontiffs to intercalate as many 
days as they might consider necessary to bring the year into 
accordance with the succession of seasons. 

As might have been foreseen, this measure speedily gave rise to the 
most gross system of abuses. Accounts being made up, payments 
made, and interest computed for all afiairs private and public to 
the first days of the months, the pontifis prostituted the powers 
conferred upon them to the most corrupt purposes. The temporary ' 
magistracy of those whom they favoured was prolonged, and that 
of those whom they opposed was abridged ; payments to be made 
by their friends were postponed, those due by their opponents 
accelerated ; the profits of the farmers of the revenue were aug- 
mented or diminished at their good will and pleasure, by the 
adroit management of the arbitrary intercalary days by which 
they were enabled to prolong or to abridge any months of the 
years. The disorders tiius produced attained at length to such a 
pitch, that the festivals of autumn were celebrated in spring and 
vice versd, 

Vn.— THE JULIAN BEFOBM. 

85» It was reserved for Julius Caesar not only to put an end to 
this confusion and the abuses in which it originated, but to esta- 
blish a system of recording time, which has come down to our own 
epoch, and is denominated from its founder the Julian Galensab. 
He was aided in this great reformation by Sosigenes, an eminent 
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Egyptian astronomer of that day. He was, according to the laws, 
authorised to accomplish this, being himself chief pontiff. 

Astronomical science had so far advanced, that the length of the 
period determined by the succession of the seasons was known 
to be about 365^ days. But the adoption of a civil year con- 
forming to this would have involved consequences of a highly 
impracticable kind. Thus, if we suppose such a year to commence 
at midnight, between the 31st December and 1st January, the 
succeeding year would commence at six a.m. on the next 
1st January ; the next at noon, on the following 1st January ; 
the next at six P.M., on the 1st January of the third year ; and, 
in fine, the next at the midnight between the 1st and 2nd January 
on the fourth year. Thus, in a series of four years, the first day 
of January would be transferred piecemeal, quarter by quarter, 
backwards to the preceding year. 

This was evidently an impracticable measure. Julius Caesar, 
who in the eminently practical character of his genius closely 
resembled Napoleon, resolved upon surmoimting the difficulty by 
an expedient as simple in its execution as it was happy in its 
conception. 

86. It was decided to adhere to years consisting of a whole 
number of days, and to allow the fractions to accumulate from 
year to year, until they should make up an entire day, and then 
to add tiiat as a supplemental day to the year in which the accu- 
mulation should arrive at its limit. Since therefore the fraction 
over the roimd number of 365 days was assumed to be a quarter of 
a day, it would at every fourth year amount to a day. It was, 
therefore, decided to accomplish the object by giving one addi- 
tional day to such fourth year. These four successive years were 
to be thus composed : — 

D. 

1 865 

II. . . • . . 365 

III 365 

IV 366 

1461 
Mean length . . 365^ . 

The object was, therefore, attained without annexing fractional 
parts of a day to the year. 

The additional day given to the fourth year was introduced 
into the month of February, making that month 30 instead of 
29 days. 
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It will be Temembeied tliat the Romans counted the days of 
the month backwards, and that those of the latter part were 
reckoned from the calends or first day of the next month. Now 
it happened that the sixth day of February, counting backwards 
from 1st March, called the sexto-calendas was consecrated to a 
festiTal celebrating the expulsion of the Tarquins. It was 
resolved to place the supplementary day of the fourth year imme- 
diately before this sexto-calendas, and to avoid changing the 
denomination of the other days it was decided to call it a second 
sexto-calendas. It was therefore denominated bissexto-ca- 
LENDAS, and the year in which this additional day was intercalated 
was and still is called a bissextile teak. 

The commencement of the year was ordered to take place on 
the day of the new moon, which occurred next after the winter 
solstice of the preceding year. This .day was accordingly called 
the 1st January, 709, from the foimdation of Rome, and as the 
commencement of our era was the year 754 from the foundation 
of Rome, it follows that the date of the Julian reform was 45 B.C. 
and consequently the year preceding the murder of CsBsar. 

87. This admirable arrangement provided for the future, but it 
did not repair the consequence of the past abuse and disorder. 
The complementary month called Mercedonius had been the sub- 
ject of constant maltreatment by the pontLSs, having been 
abridged and extended in the most capricious and ^ arbitrary 
manner, so as completely to derange the position of the seasons, 
relatively to the commencement and the close of the year. To 
rectify this some bold and exceptional temporary measures were 
indispensable. CsBsar being chief pontiff exercised the power 
which his predecessors in that office had so grossly abused to 
rectify these disorders, and restored by a violent and exceptional 
measure the day of the spring equinox to the 25th March, the 
date which it held in the time of Numa. To accomplish this, he 
decreed that the year 708 from the founding of Rome should 
consist exceptionally of 445 days. These 445 days were com- 
posed in the following manner : — 

Days. 
The common year . . . . . . . 355 

Month Mercedonius 23 

Two extraordinary months between November and 

December : First .... 33 

Second . . . . 34 



445 



The year in which these changes were introduced came to be 
called the ** yeae of coutxjsion." This year was 46 B.C. 
88. Besides thus re-adjusting the place of the equinoxes, the 
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distribution of the 365 da3rs among the twelve months was re- 
arranged. It was ordered that the odd months, counting from 
the beginning of the year should contain 31 days each, and that 
the others should contain 30, except February, which in common 
years was to contain 29, and in bissextile years 30 days. 

This natural and easily remembered distribution was disarranged 
soon after to gratify the frivolous vanity of Augustus. It has been 
already stated that the month Sextilis had its name changed to 
Augustus in compliment to that emperor. Not satisfied wilh thus 
having his name perpetuated, he insisted that the number of days 
in his month should not be less than in Geesar's. The day added 
to August was therefore taken from February, which was thus 
reduced to 28 days for common, and 29 for bissextile years. The 
months definitively stood as follows : — 



January 

February 

March . 

April 

May 

June 



Days. 
31 

28 or 29 
31 
30 
31 
30 



July 

August 

September 

October 

November 

December , 



Days. 
31 

, 31 
30 
31 
30 
31 



The alternation of 30 and 31 days proposed by Ceesar is there- 
fore preserved with the exception of July and August, two months 
of 31 days in immediate succession. 

It was attempted at later periods of the empire to prostitute the 
calendar by changing the names of the latter months of the year 
into those of Tiberius, Claudius, Nero, and Domitian; but the 
good sense of the Roman public resisted such an ignominy. 

89. The death of Ceesar in the year after this reform had been 
decreed, threw the task of its realisation into the hands of the 
pontiffs, whose very first act betrayed a total misapprehension of 
the meaning of the most important of the conditions of the new 
system. The terms of the Julian edict, by which the recurrence 
of the bissextile year was defined, have not come down to our 
times ; but it is certain that the pontiffs interpreted the periodic 
addition of the intercalary day as designed for every third year, 
and not every fourth year. Tliat they were not set right by any 
contemporary authorif^ like Sosigenes, who, knowing the object 
to be accomplished by the expedient, might have demonstrated 
the sense of the edict, if the words in which it was expressed 
were equivocal, only shows in a striking point of view how rare 
this sort of knowledge must have been in that age. However, it 
is certain that for the first 36 years after the reformation, every 
third, instead of every fourth year, was taken as a bissextile year, 
and consequently that these 36 years, including 12 instead of 9 
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intercalary days, had a total length greater hy 3 days than was 
due to them by the Julian system rightly understood. When 
this error was nt length perceiyed, the consequence of it was 
rectified by order of Augustus, who decreed that for three succes- 
sive periods of four years, the intercalary day due to every fourth 
year should be omitted, so that the excess giren to the preceding 
36 years was compensated by an equal deficiency in the 12 
following years, after which the regular recurrence of bissextile 
years was obseryed. 

The mistake is known to have arisen thus— In Roman counting, 
eyerj fourth is our third, 

12 3 4 12 

ABCDEFGHIJKi&c. 
12 3 4 12 3 4 

Livy describes the cycle of 19 years as one which begins every 
twentieth year. 

90. The common name given to bissextOe years in our language 
is T.Ti!AP TEABS, which the dictionaries explain by stating that 
« every fourth year leaps over a day more than a common year." 
It is, however, objected by some that the term leap year is inap- 
propriate, inasmuch as leaping over a day would imply its omis- 
sion, instead of which in such years an extra day is thrust in. 

The term is also explained by stating, that it implies that a day 
is leaped over in the calendar without giving it a distinct name. 

It is worthy of remark that in the ecclesiastical calendar of 
foreign countries, the day called *' intercalary" in bissextile or 
leap years, is not the 29th but the 24th of February. 

91. It will be perceived from what has been stated, that some 
confusion prevailed for nearly forty years from the date of the 
Julian reform, that is until very near the commencement of the 
Christian era ; nor is there any historical certainty as to the 
regular observance of the new method until the commencement of 
our era. It is certain, however, that the Roman years 761, 76d, 
769, &c., which were the years a.d. 8, 12, 16, &c., were counted 
as leap years, and about all succeeding dates there is no doubt. 

From these dates, historians and chronologists have reckoned 
not only forwards but backwards, so as to reduce all historical 
events to the position in respect to the order of time which they 
would have held, if the Julian system had always existed. When 
we read of historical events, occurring in distant ages before these 
reforms in the methods of recording time, we are to understand 
that the dates assigned to them are by no means those which they 
bore at the time, and in the nation of their occurrence ; but that 
by the labours of chronologists, the local dates given to them by 
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the contemporary annalists, dates yarying not only in different 
countries according to their different usages, hut even in the same 
country in different ages, hare been changed into tiiose dates 
which they would have had if the Julian chronology had prevailed 
then. 

It is evident that without this simplification and assimilation, 
historical dates would present a mass of confusion, which would be 
inextricable to all ordinary readers. 

92. It has been already stated that the interval of 365| days, 
assumed in the Julian reformation as the length of a year, is not 
its true length, but differs from it by a very small fraction of a 
day. As we have now to explain the ps^ which this very 
minute fraction has played in chronology, it will be necessary to 
convey to the reader a more clear and distinct notion of the 
meaning of the word year^ than that which is included in the 
general statement that a year is the period after which the seasons 
are reproduced ; for it may fairly be asked what determines the 
limits of the seasons ? how are the exact moments of time at 
which they severally begin or end defined P For it must be observed 
that our enquiries now involving not whole numbers of days, but 
small fractions of a day, it is not enough to know that this or that 
season begins or ends on this or that day; we must know the 
hour, minute, second, — ^nay even the fraction of a second, which 
marks the epoch we desire to determine. 

It is customary then to define the course of the seasons by the 
moment at which spring begins. It has been agreed to take for 
this the moment at which the centre of the sun's disc has such a 
position in the heavens, that if it were stationary there, day and 
night would be exactly equal, that the sim would be in short 
exactly twelve hours visible, and twelve hours invisible ; twelve 
hours above, and twelve hours below the horizon. 

It may be said that this definition is needlessly verbose and 
complex, inasmuch as it would be more simple and intelligible to 
say at once that spring begins on the day of the equinox. 

Undoubtedly such a summary statement would be much 
shorter and more simple, and provided that it be clearly under- 
stood, and that it be sufficiently definite, it can be subject to no 
objection. But what is meant by the "day of the equinox?" 
We shall, of course, be answered that it is that day on which the 
sun is twelve hours above, and twelve hours below the horizon. 

Very well ! let us go to the almanac, and search for such a 
day. We take the almanac of 1854, and find that on 19th 
March the sun was twelve hours and one minute above, and 
eleven hours and fifty-nine minutes below the horizon. On the 
20th it was twelve hours and six minutes above, and eleven hours 
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and fifty-fotir minates below the horizon, while on the 18th it 
^▼as eleven hours and three minutes above, and twelve hours and 
fifty-seven minutes below the horizon. On no day of the month 
was it exactly twelve hours above, and twelve hours below the 
horizon ; and the same result would be found by examining in the 
same manner the almanacs for other years. 

It appears then that rigorously equal day and night is a phe- 
nomenon that never exists. It is no answer to this to say that 
the day and night in the instance produced and others differ only 
by a minute or two, because the question here involves only the 
consideration of those very minute intervals. 

Since then the '^ day of the equinox" cannot mean a day on 
which day and night are equal, what is its exact meaning ? We 
reply that it means very obviously the day on tohich the equinox 
t€^iea place. But then what is in that case meant by the word 
equinox? We reply by turning back upon the explanation 
already given, that the equinox is that precise moment when the 
centre of the sun's disc has such a position that, supposing it to 
retain that position unchanged, it would be twelve hours above, and 
twelve hours below the horizon, during a revolution of the heavens. 

93. But since the sun's disc has a continual easterly motion 
upon the heavens, moving at the rate of nearly 1* per day, or 2|' 
per hour, it does not retain the position in question more tiian an 
instant. It moves round the heavens as the hand of a clock 
moves round its dial, passing incessantly from point to point. 
The exact point at which the centre of the sun is at the moment 
above described, is therefore called the equinoctial point, as the 
moment of time at which it passes through that point is called 
the equinox. 

94. There are two equinoxes and two equinoctial points. The 
first takes place about the 21st March, and the other about the 
23rd September.* 

The former is called the vernal equinox, and the latter the 
autumnal equinox, because it has been agreed to fix the beginning 
of spring at the one epoch, and the beginning of autumn at the 
other. 

The two equinoctial points are situate at opposite sides of the 
heavens, separated one from the other by an entire hemisphere, as 
must be evident when it is considered that the sun takes six 
months to move from the one point to the other. 

95. Having thus conveyed a distinct notion of the meaning of 
the equinoxes, and of the equinoctial points, we shall find less 

* In the tables of sunrise and sunset given in the almanac, the effects of 
rdraetion are taken into account. These are omitted, howeyer, in fixing 
the position of the equinoxes. 
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diffionlty in explaining the different senses in wMoh the word 
TEAS, is used. 

If the equinoctial points maintained a fixed position on the 
heavens, the interval between the moments at which the centre 
of the sun's disc would pass twice successively through either of 
them, would be in fact the interval during which the sun makes 
or appears to make a complete revolution of the heavens. 

This interval is called the sidereal yeab. 

Astronomers have ascertained the exact length of this year 
to be 365* &" 9" 10-38'. 

It appears, therefore, that this long interval has been ascertained 
to withhi the hundredth part of a second of its true value. 

96. But the equinoctial points have not a fixed position on the 
heavens. They are on the contrary, subject to a slow displace- 
ment from year to year in a direction contrary to the motion of 
the sun. The amount of this annual displacement is small, being 
a little less than one minute of a degree, — ^that is, about the 
thirtieth part of the breadth of the sun's disc. 

Small as this displacement is, it has been very precisely mea- 
sured ; and its effects, which are of the highest importance, as 
well in chronology as in astronomy, have been exactiy appreciated. 

On account of this removal of the equinoctial point backward, 
the sun arrives at it after making a revolution of the heavens, 
sooner than it would have done if it had not been displaced. 
This must be evident when it is considered that the equinoctial 
point, displaced in a direction contrary to that of the sun's 
motion, advances to meet the sun on its return. The sun there- 
fore arrives at it before it makes a complete revolution of the 
heavens, and the time of each successive equinox precedes the 
time at which it would have taken place if the equinoctial point 
had been stationary. 

This phenomenon has for that reason been called the pbe- 

CESSIOir OF THE EQUINOXES. 

97. The effect therefore obviously is, that the interval between 
two successive equinoxes is less than the sidereal year. 

This interval between two successive equinoxes is called the 

EQT7IK0CTIAL or TBOPICAL YEAB. 

The sidereal year is of invariable length, and would on that 
account be well suited to be a standard measure of time. But it 
has one capital defect, which renders it totally unfit for civil 
purposes. It is not in accordance with the periodic returns of the 
seasons by which all mankind measure the year. 

If the equinoctial points were stationary, the sidereal year 
would also be the equinoctial year, and in that case it would be 
coincident with the return of the seasons. But in consequence of 
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the displaoement of the equinootial points, the commexioemeiit of 
the equinoctial anticipates that of the sidereal year ; the extent 
of this anticipation, though very small at first, accumulating for 
long series of years, causes the seasons to take place successiTely 
at cdl imaginable parts of the sidereal year. 

For these reasons the sidereal year has never been adopted as 
the civil year. 

If the annual displaoement of the equinootial point were 
regular and constant, the precession of the equinoxes would be 
also constant ; and the equinoctial year, differing from the side* 
real year by an invariable quantity, would itself be invariable, and 
as it is in accordance with the succession of the seasons, it would 
be in all respects eligible as a standard measure of civil time. 

But it so happens that this displacement is rendered variable by 
the operation of several causes. Its variations, however, are 
circumscribed within narrow limits. It alternately increases and 
decreases, and has a certain ascertainable average amomt. On 
account of this variation, the equinoctial year is of slightly variable 
length, and is therefore not fit for a standard measure of time. 

98. This being the case, and the mean annual displacement of 
the equinoctial point being accurately ascertained, a fictitious 
equinoctial point is supposed to exist, which has this mean annual 
displacement, and the interval between two successive returns of the 
sun to this fictitious equinoctial point being invariable, is adopted 
as the standard, and is called the hean solas or civil tkajl. 

Although rigorously this year does not therefore correspond 
with the returns of the seasons, it never varies from them by any 
interval great enough to be perceived or appreciated by any but 
astronomers. 

The exact length of the mean solar or civil year is 

365'* 6^ 48" 49-54, 
being less than the sidereal year by 20° 20**8. 

99. Such being then the actual length of such a year as would 
always remain in accordance with the successive returns of the 
seasons, let us see to what extent the year of the Julian calendar 
differs from it, and how such difference would affect chronology. 

The Julian year being 36d| days, the difference between it and 
the mean solar year is easily found. 

D. H. M. 8. 

Julian year 865 6 0*00 

Mean solar year . . . 365 5 48 49*54 



Difference . . . . 11 10*46 

100. It appears, therefore, that the Julian years would depart 
from the course of the seasons at the rate of 11"* 10' '46, or about 
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the 129th part of a day per anniun. The departure aooumulatiiig 
£rom year to year would amount to a whole day in 129 years, to 
two whole days in 258 years, to three in 387 years, and so on. 

Kow, although such a departure would not he perceptihle during 
the liyes of a single generation, it must eyidently heoome so after 
some oenturies. The equinox falling hack towards the beginning 
of the year at the rate of one day in 129 years, was in the fifteenth 
century thus thrown back as much as eleven days. 

It is eyident that the continuance of this from century to 
century would have thrown the equinox back from day to day 
until it, and consequentiy the seasons, would haye sucoessiyely 
assumed every possible position in the year. 

Vin.— THE GEEGOEIABT HEFOEM. 

101. Although in a more civilised and enlightened age thi» 
would ' have been a reason sufB.ciently urgent to undertake a 
revision aud correction of the calendar, we are indebted for the 
reform which took place to other and different causes. 

102. It was the role of the Church to celebrate the festival of 
the Resurrection at a time not fax removed from the 21st March,, 
which was taken to be the day of the equinox, depending how- 
ever al^ upon oonditioiui collected mth the W phenomena 
with which we are not at present concerned, but which we shall 
explain folly on another occasion. If therefore the real equinox 
were subject, as we have stated, to a gradual change, which would 
throw it back from year to year, so that it would fall each 
successive year earlier and earlier, while the festival of Easter,, 
still related to the 21st March, would necessarily be farther and 
farther removed from the equinox, it must obviously happen 
in the course of time that the festival would fedl successively 
in every season of the year, and indeed on every day of the year. 

The Eoman ecclesiastical authorities of the day becoming pain- 
fully aware of this, and sensible that no decree of pope or council 
could accelerate the motion of the equinox for the future, or 
carry it forward from the 11th to the 21st March ; to repair the 
error of the past, resolved that since they could not bring the 
equinox to the 2l8t March, they would bring the 21st March to 
the equinox. 

103. This change, with the others necessary to prevent the 
recurrence of a like discordance between the ecclesiastical year 
and the seasons, took place in the latter part of the sixteenth 
century, in the pontificate of Gregory XIII., from whom the 
reformed calendar came to be called the Gregorian calendar. 

As at the epoch of the Julian reform, two errors were to be 
corrected, those of the past and those of the future. The accu- 
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mulated effect of the past errors was that the real epoch of the 
spring equinox had fallen ten days behind the nominal day of its 
oconrrenoe, which was the 21st March. The future cause of error 
was that an additional day every fourth year was too much, but 
that 129 years must elapse before the redundancy would cause the 
equinox to be one day behind its time. 

104. To remedy the consequence of past errors, it was decreed 
that the days of the months ^ould be all expressed by numbers, 
greater by 10 than those by which, according to the sucoession of 
time, they were expressed. Thus tiie 11th March, 1582 (the year 
in which the reform took place) was decreed to be the 21st March, 
and in like manner all the other days of the year were augmented 
by 10. By this expedient the last ten days of 1582 were thrown 
over into 1583, inasmuch as the 2l8t December, 1582, became 
3 1st December, 1582, and consequently 22nd December, 1582, 
became 1st January, 1583. 

The day of the vernal equinox thus recovered the date of 
21st March. How it was secured in the undisturbed possession of 
that date, we shall now see. 

By following the established rules of the Julian calendar, it 
would have been one day behind its date in 129 years from 1582, 
that is in 1711. To prevent this, it was decreed that the year 
1700, which would by the Julian calendar be a leap year, should 
be a common year. One day being thus omitted, the equinox of 
1711 would be restored to its date of 21st March. In like manner 
it would be again a day behind in 1840. This was in like 
manner to be prevented by making 1800 a common year, which 
ought to be a leap year. Again it would be a day behind its 
time in 1969, which would be set right as before by making 1900 
a common instead of a leap year. Another period of 129 would 
go to 2098, which was remedied by making 2100 a common instead 
of a leap year. 

Thus the equinox would be kept right by making three suc- 
cessive secular years 1700, 1800, and 1900 common years instead 
of leap years, leaving 2000 a leap year, but making 2100 a 
common year instead of a leap year, and going on from century to 
century in the same manner, leaving every fourth secular year a 
leap year, but making all the others common years. The series 
of secular years would therefore be as follows : — 



1700 Common 
1800 „ 
1900 „ 
2000 Leap 
2100 Common 
2200 „ 
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2300 Common 
2400 Leap 
2500 Common 
2600 „ 
2700 „ 
2800 Leap, 
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and so on. The secular leap years will always be those of which 
the first two figures are exactly divisible by 4 without a remainder, 
as 2000, 2400, 2800, 3200, 3600, &c., all the other secular years 
being common years. 

105. Let us see whether the compensation thus produced for 
the errors of the Gregorian calendar is practically sufficient, 
for perfect it is not, nor is it possible for any such compensation 
to be so. It has been shown, that the Julian year was too long 
by the 129th part of a day very nearly. To compensate for this 
Pope Gregory XIII. does what P He takes away three days from 
400 years, which is equivalent to taking ^th part of a day 
from one year, whereas the quantity required to be deducted is 
the 129th part of a day, which is greater than the ^th part. 
The compensation of Pope Gregory is therefore short of the 
requisite quantity by the difference between the 129th and the 
^th part of a day, tiiat is by the 3969th part of a day. 

Thus it appears that by following the Gregorian calendar the 
equinox will not be so much as one day behind its time until an 
interval of 3969 years elapses, counting from the year 1582, that 
is until the year of our Lord 5551. When that time arrives the 
«vil may be staved off for another period of 3969 years, by declaring 
the year 5600 a common, instead of a leap year. We may, how- 
ever, safely leave to the inhabitants of the earth at that epoch the 
management of the affair. Sufficient for the day is the evil thereof. 

106. Notwithstanding the undeniable reasonableness of this 
reform of the calendar, and the manifest absurdity of persevering 
in calling the 21st March the vernal equinox, when all the world 
had the evidence of their senses to prove to them that the 
•equinox had really taken place ten days earlier, the change pro- 
posed was not generally adopted. Protestant States were opposed 
to it because it emanated from Catholic ecclesiastical authorities, 
and as was wittily observed, they preferred rather to be in oppo- 
fiition to the sun than in accordance with the Pope. The nations 
professing Greek Catholicism were opposed to it because it 
emanated from the head of the branch of their Church which 
they denied to be orthodox. 

The papal decree fixed the exact date of the commencement of 
the reform at the 5th October, 1582, according to the former 
style, which day was decreed to be called the 15th October. 

107. In France the change was adopted on the 10th December, 
next following, which was called 20th December. 

In the CathoHc States of Germany it was adopted in 1584. 

The Protestant German States, having resisted the reform for 
nearly twenty years, at length yielded, and accepted it in 1600, 
in which year the 19th February was declared to be 1st March. 
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Denmark, Sweden, and Switzerland, were later in the adoption 
of the change, but soon followed the example of Ghermany. 
Some Swiss towns nevertheless offered such yigorous oppodtioiL to 
the measure, that the intervention of the military was necessary 
to enforce it when adopted by the authorities. 

In Poland, where it was adopted by the government as early as 
1586, it encountered considerable opposition in certain towxis, 
and even excited a serious insurrection at Riga. 

108. The anti-papal spirit being much more dominant in 
England than common sense or scientific authority, the reform 
was resisted for nearly two centuries, so that the real had fallen 
above eleven days behind the legal date of the equinox. In 1752, 
however, the force of things at length prevailed over this dis- 
creditable bigotry, and the reform was introduced into the 
calendar, by declaring the 3rd to be the 14th September. 

109. A measure of which the effect was to overturn the long 
established landmarks of time, and to substitute for them others, 
new and altogether strange to tradition and usage, could not be 
supposed to pass without exciting many reclamations among 
persons of all classes from the peer to the peasant. Personal 
feelings were excited at the unceremonious perturbation of 
birthdays and of marriage anniversaries. Religious exasperation 
was produced by the arbitrary transposition of the most solemn 
festivals. Even the moveable feasts already surrounded with 
some confusion, became for the moment confusion worse con- 
founded. Political celebrations and the dates of historical events 
shared in the general disturbance. 

In an essay on the ecclesiastical calendar, by Professor De 
Morgan, which was published in the Companion to the British 
Almanac, for 1845, some amusing examples of this are collected. 
A friend of the author, an eminent scientific man, not long since 
deceased, related of his own knowledge, when a boy, that a 
worthy couple in a coimtry town, scandalised at the change of 
style in 1752, continued to attempt the observance of GKmkL 
Friday on the old day. To this end they used to walk seriously, 
and in holiday costume, to the church door, at which the gentle- 
man used to knock for a certain time with his cane, demanding 
admittance. On finding no admission, they walked as solemnly 
home again, and read the Church service appointed for the day. 
On the new and, as they regarded it, spurious GK)od Friday, they 
ostentatiously acted as if it either preceded or followed the genuine 
day, as the case might be, so as to render it manifest to their 
neighbours and friends, that they at least totally rejected the new 
' style. 

110. In the 48 years, between 1752, the date of the change of 
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style, and the end of the century, there were, howeyer, 18 years 
in which harmony must have heen re-established between the 
partisans of the new style and those who reyerenoed tradition, for 
in these years it chanced that the moveable feasts, according to 
both styles, fell upon the same days. '^ This," observes Professor 
De Morgan, '' happens still occasionally, and will do so, though 
less and less frequently, until 2698 A.D., when it wiU happen for 
the last time." 

Even still, affcer the lapse of more than a century, the Christmas 
Day of the old style is celebrated under the name of Twelfth 
Day, and the name of ^* Old Christmas Day" is still given to it in 
the calendar. It falls on the Feast of Epiphany. 

111. Before the change of style, a popular belief prevailed in 
England, that at the moment of the midnight with which Christ- 
mas Day began, the cattle always fell on their knees in their 
stalls. Now when the change of style took place, it could scarcely 
have been expected that the arbitrary will of the legislature would 
be respected by these dumb animals, and it was accordingly found 
that they continued to perform the act of reverence, not on the 
Christmas Day of the law, but on that of the old style ! The best 
of this joke was, however, that the Christmas Day of the law was 
a Popish institution, forced upon England by circumstances, 
and it was maintained that these Protestant cattie were all the 
more obstinate in their dumb protestation against the Eomish 
innovation. 

It appears, nevertheless, that in Catholic countries which 
acknowledged the authority of the See of Rome, in changing the 
style in 1582, inanimate things, not to say cattie, acknowledged 
the validity of the decree ; for we have the high authority of the 
truly learned RiccioH, to whose astronomical works the scientific 
world is so largely indebted, to assure us that the blood of St. 
Januarius, which previously used to liquefy punctually on the 
19th September, immediately changed the day of its miraculous 
liquefaction to the 19th September of the new style, which was 
the 9th September of the old style. Like the day of the nominal 
equinox, that of the miracle was accordingly put back ten days, 
in obedience to the papal bull.' 

Riccioli also mentions the case of a certain supernatural twig, 
which had been accustomed to put forth miraculous buds on 
Christmas Day. This Romish twig, unlike the Protestant cattie, 
as the astronomer assures us, was found to bud on the new 
Christmas Days which followed the publication of the Papal 
bull. 

112. Of all Christian States, Russia alone still insists on 
adhering to the Julian calendar, and accordingly, by the further 
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aooiunulation of the effects of the erroneous length assigned to the 
year, the Russian legal equinoxes are now twelve days in advance 
of the real equinoxes. 

113. The iniiuenoe which long continued usage exercises upon 
the mind is such that we are always disposed to think, that what 
has been long established has been so by the nature of things, 
and therefore of necessity, and not at all by the arbitrary appoint- 
ment of local and temporary authorities, or by the yoluntary 
choice of the people. Thus, who does not imagine that it is for 
some natural and necessary reason that the year begins on the 
1st of January P January is the first of the series of twelve months, 
and what can be more natural than to take its first day as the 
commencement of the year? But why is January the first 
month ? It is marked by no peculiar or umversally observable 
phenomenon. If the sun, on its first day, were seen to occupy 
any remarkable position, as, for example, that which it has at 
the equinox, or if the sun and moon were always found together 
on that day, or if a conspicuous eclipse, or any other striking 
phenomenon periodically presented itself on that day, a reason 
would be found why January is the first month, and why 
its first day is the first day of the year. But neither the month 
nor the day is signalised by such phenomena, nor by any which 
can be supposed to mark it by nature as the commencement of a 
chronome^c period. 

It might be imagined that at all events the first day of same 
month would be selected as the commencement of the year. No 
reason, as it would appear, could induce people to begin the year 
in the middle of a month, so that one part of that month should 
be in one year and the remainder in the other. Nevertheless, 
obvious as these considerations now appear, it is certain that they 
have had no weight with mankind. Other considerations of 
another order, exercising over the mind much more potent 
influences, have predominated, and years, accordingly, with 
different nations and in different ages, have had their commence- 
ment fixed upon days which have no reference either to astro- 
nomical phenomena, or the order or limits of the months. 

114. Beligious anniversaries, as might naturally have been 
expected, have played a prominent part in this chronological 
element. Christmas Day, Easter Day, and the Festival of the 
Annunciation, commonly called Lady Day, have been, in different 
countries and at different ages, selected as the first day of the 
year. Among the French, at the time of Charlemagne, the year 
commenced on Christmas Day. It commenced on Easter Day 
among the same people under the Capet monarchs, and this prac- 
tice was very general in the twelfth and thirteenth centuries. In 
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England the year commenced on Lady Day (2dtL March) until 
1752. 

It must not be understood that this commencement of the year 
involyed any change either in the months or in the order of their 
days. Thus when the year commenced on Christmas Day, that 
day was still called the 25th December, and was preceded by the 
24th and followed by the 26th December ; but the 24th December 
belonged to one year and the 25th to the next. In like manner, 
the two days wMch we now refer back to as the 24th and 25th 
March, 1751, were, at the time they actually occurred, called the 
24th March, 1750, and 25th March, 1751. Thus 24 days of 
March belonged to 1750, and the remaining 6 days to 1751. 

115. To us at present, with the habits of counting the years, 
months, and days to wliich we have been accustomed, such a 
method of commencing the years appears so absurd and attended 
with such strange confusion and disorder that we find it difficult 
to imagine how a people could ever continue the practice of it. 
jS^eyertheless it is certain, so far from any such impression 
existing at the time this usage prevailed, the announcement of the 
change of style, as it was called, which was decided upon by the 
legislature in 1751-2, encountered the most serious resistance, 
and excited popular disturbances of graye importance. The 
transfer of the beginning of 1752 from tiie 25th of March to the 
1st of January, immediately preceding it, deprived the year 1751 
of the months of January, February, and twenty-four days of 
March, nearly the whole of its three last months. 

This change and the apparent sponging out from the course of 
time of eleven days exasperated the populace, who, assembled in 
the streets of London, and pursued the members of the government 
(among whom was the celebrated Lord Chesterfield) when they 
appeared, with cries and imprecations, demanding that their 
eleven days should be given back to them. 

The traces of this custom in our country are still apparent in 
various practices. Leases are commenced and determined by 
Lady Day. The quarter days on which rents become due are 
regulated in the same manner. All rents are payable on Lady 
Day and Michaelmas Day, and not, as might naturally be expected, 
on the last days of June and December. 

116. Until the adoption of the Gregorian calendar in England 
in 1752, the years, as has been already stated, commenced upon the 
25th March, so that the year 1751 began on the 25th March, 1751, 
and ended upon the day now caUed the 24th March, 1752, while 
the year 1752 ended on the day now called the 24th March, 1753. 
Independently of the other obvious objections to such a system, it 
was out of all accordance with the mode of reckoning time prac- 
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tised by other nations of Europe, and great inconvenience and 
some confosion prevailed in the adjustment of dates in all inter- 
national transactions. It was therefore resolved to include in the 
reformation of the calendar the change of the commencement of 
the year, from the 2dth March to the 1st January, which was 
axscomplished by declaring that the days, from the 1st January, 
1751 (as formerly counted) should be taken as belonging to 1752, 
and that 1752 should end on the 31st December, and 1753 begin 
on the day formerly called the Ist January, 1752. Thus, in fact, 
the months of January, February, and twenty-four days of March, 
were transferred from each year to that which succeeded it. 

This will explain the peculiar way of expressing dates which is 
found in all documents and printed works which appeared at, and 
for some time after the reform was adopted. Both dates, the 
new and the old, according to the reformed andunreformed style, 
were usually expressed, the old above and the new below a line, 
like the numerator and denominator of a fraction. Thus, for 
example, the day which was the 19th June, 1753, in the old style, 
being the 30th June, 1753, in the new style, the date was written 

19 

thus, -- June, 1753. In other cases the month was changed as 

well as the day ; thus the day which was the 30th June, 1753, old 
style, became the 11th July, new style, and the date was written 

30th June, -^-« 
nth July, ^^^^- 

In other cases again, the day, month, and year were all 
changed, as, for example, the day which, in the old style, was 
the 23rd February, 1753, in the old style, became the 6th March, 
1754, in the new style, and was thus written : — 

23rd February, 1753. 
6th March, 1754. 

117. The diflBLculties which such a change at first produced 
among the great mass of the population of the country, who, from 
their limited education and information, must have been unaware 
of the many important grounds on which the reform was based, 
can be easily conceived. 

Happily, however the reform was realised, and the incon- 
veniences which first attended it disappeared after a few years, so 
that the English dates were not only brought into accordance with 
the course of the seasons, but with those adopted by other civilised 
nations. 
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THE ALHANACE. 



CHAPTEK I. 

1, The AlmuuMt. — S. The CUendu. — 3. The oantenta of \a Alnutntek 
— FredictdoDB. — 1. Its prophstui chuicter ftbaaed. — S. Saiuta' Ilajl. — 
6. Data of the ye&r. — 7. Chrutiao era. — 8. Diacrepanc; betveca the 
reckoning of Aatronomen and ChronologUti. — 9 When a centnij 
bcfdiia and enda, — 10. Conuneneement and dorKtioa of the Seiaona. — 
J of the jear. — 12. Piied wad move«ble FeaMa. — 
—11. Not dependent on the phases of the Hood. — 
IS. Sj vhat mie determined. — 16. Knle not generallj nnderatood. — 
17. Equinox.— 18. BcdeaiaalJeal Moon.— 19. Age of the Moon.— 

20. Fiill Maon,~21. Error in the expreeaion of the rule.— 22. Lunar 
cycle. — 23. Avetmge length of eiTil and aatronomical cycleii agree. — 

21. Fietitions moon nerer far distant from real moon. — 2S. Qolden 
LuDHU's Hnnux or Sciucs. b 1 
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Nnml)er.— 26. Epact. — 27. Used to determine the date of Easter. — 
28. AmoTint of separation of fictitiooa from real moon. — 29. Lunits 
of yariation of date of Easter. — 80. Earliest possible. — 31. Latest 
possible. — 32. Paschal Moon. 

1. Of all books the Almanack is the most indispensable. So 
constant is the need for it, that, unlike other books, it is not 
deposited on the shelf, but lies ready at hand on the table. 
This general and constant utility, which ought to have exempted 
it from fiscal restriction, was precisely the circumstance which 
marked it out for the fatal visitation of the Stamp Office, and 
raised, thereby, for many years a barrier against its improyement. 
The moment of its emancipation from the Chancellor of the 
Exchequer having, however, at length arrived, it was indefinitely 
multiplied, assumed a thousand shapes, was offered at prices 
suiting all pockets, in dresses suiting all tastes, with accessories 
and appendages adapted to the exigencies of all avocations, and 
was sometimes even given gratuitously as a convenient vehicle for 
the commercial announcements which accompanied it. 

One might imagine that a book thus so universaUy necessaiy 
would be as universally understood ; nevertheless it may be fedrly 
questioned whether one in ten thousand, of those who daily 
consult it have any clear or definite notions of the j|aport of even 
thos« parts of it to whicli they refer, and it is beyond all doubt 
that of many other part^ they have no notion whatever. It has, 
therefore, appeared to us that some explanatory notice of its 
contents will not be unacceptable to our numerous readers. 

Almanack", or Almanach, is an Arabic term derived from the 
word MANAH, to reckon. 

2. In the almanack the Calendab holds a prominent place, 
so prominent indeed that the terms are sometimes used inter- 
changeably. Nevertheless, Calendar has a more special and 
limited application. The first day of the Roman months was 
called CALENDS, and hence a table showing the successive day^ 
of each month, and indicating the festivals and anniversaries 
civil or religious, which fell upon them, came to be called The 
Calendar. 

It has been already explained in our Tract on " Time," that 
the word month has various senses. It may mean the moon's 
periodic time, that is, the time it takes to make a complete revo- 
lution round the earth. It also expresses the time which elapses 
between two successive new moons. This is called a Lunak 
MONTH, and sometimes a Synodic month. In. law, four weeks 
are taken to be a month. The year consists of twelve unequal parts, 
which are called Calendar months. These are the months which 
have received the names with which every one is familiar. 
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3. The almanack is a year-book, and is published before the 
commencement of the year whose date it bears, and to which its 
contents are related. 

The contents of the almanack are, therefore, necessarily 
predictions. 

The prediction of fixed anniyersaries, whether civil, religions or 
natural, requires no calculation, since they fall from year to year 
upon the same days. The recurrence of many celestial pheno-^ 
menaj which are of great popular and civil interest, varies from 
year to year ; and some religious and civil festivals and observances 
which are conventionally regulated by them, are subject to a 
like variation, and the prediction of the days of their recurrence 
depends on similar calculations. 

4. The people of all classes in all countries seeing the precision 
with which so many and such various phenomena were foretold, 
were not slow to manifest a craving after like predictions of 
events of quite another order ; and almanack makers were not — 
and are not even now — ^wanting who pander to this demand. We 
have, accordingly, almanacks including predictions of the vicissi- 
tudes of weather, of the occurrence of great political events, and 
in short of ever3rthing which can be imagined to gratify the 
spurious appetite of the credulous. It must be admitted, to the 
discredit of certain of our public bodies, that they have long con- 
descended to traffic in this sort of charlatanism, and to derive a 
revenue from thus imposing on public credulity. If precedent, 
however, can be admitted as any extenuation of this practice, they 
may claim to have sinned in good company, for Arago relates 
that he had the following anecdote from Lagrange. 

"The Berlin Academy, so celebrated for tie vastness of physical 
discoveries and researches which were consigned to its ^ans- 
actions, formerly derived its chief revenue from the circulation of 
its almanack. This publication fr6m an early period included a 
mass of pretended predictions of meteorological phenomena and 
political events, like those which figure in some of our own 
almanacks of much more recent date. Ashamed of sanctioning 
the publication of such absurdities, the Academy, upon the pro- 
position of one of its leading members, resolved at one time upon 
suppressing them and supplying their place with more rational 
and useful matter. 

''The immediate consequence of the reform was the almost total 
suspension of the revenues of the Academy by the great decrease 
of tiie sale of the almanack, so that the learned body was literally 
starved into compliance witii the public demand, and compelled to 
reissue annually a collection of pretended predictions which were 
a subject of ridicule to those who invented and compiled them." 
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A similar oironmstanoe ooourred with respect to Moore's 
Almanack, of wMch the sale was reduced in amount by the 
omission of the column which assigned the effects produced by 
the signs of the zodiac on human members. 

Another of the early almanacks which owed its immense circu- 
lation to the same cause, was one published at Lidge, under the 
name of Matthew Laensberg, a canon of that city. '* When we 
speculate on human credulity," obserres Arago, speaking of this 
almanack, '' we may be confident of success. It is in vain that, 
from year to year, the events are in flat contradiction to the 
predictions. The pubHc does not the less resort to the famous 
almanack, so true is the saying of La Fontaine : — 



Uhomme est de glace snx y^rit^s, 
II est de feu pour le mensonge.' 



i> 



Arago relates a curious accidental coincidence which gave the 
Laensberg Almanack prodigiously increased vogue. In the Alma- 
nack for 1774, there appeared a prediction that " one of the most 
favoured ladies would play her last part in the month of April." 
Now, it so happened, that in the month of April, Louis XY. was 
attacked at Yersailles with the small-pox, and the notorious 
Madame Dubarry was expelled from the palace.* 

5. Th^ religious anniversaries indicated in the calendar, con- 
sisting principally of the days consecrated by the Church to the 
commemoration of saints and martyrs, necessarily vary in different 
Christian countries, according to the varying forms of the faith. 
The personages recognised as saints in the Eoman Church are at 
least six times as numerous as the days of the year; and 
although the Greek Church does not recognise exactly the same 
collection, their list is equally abundant. A selection has been 
made by each branch of the Church, and the name of a saint 
or marlyr is appropriated to each of the three hundred and 
sixty-five days ; and to such an extreme is this carried, that a 
saint is even given to the intercalary day in bissesctile years. 
Thus, in the Eoman Church, the intercalary day is appropriated 
to St. Damien, and in the Oreek branch to St. Cassian. 

The identification of the days of the year severally with the 
names of canonised personages, will explain the familiar allusions 
to the '* Saints of the Calendar." 

In Protestant States, and more especially in England, this long 
list of saints is greatly curtailed, all those whose canonisation 
took place subsequently to the imputed corruption of the Church 
being rejected. In Catholic countries, however, the names regis- 

* For a more recent specimen of the effect of such an accidental coinci- 
dence occurring among ourselyes, see our Tract on "Weather Prognostics." 
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tered in the oalendax have become so closely interwoVen with the 
national manners and customs, that it is unlikely that any refor- 
mation should effiu)e them. It is the general practice to celebrate 
the anniyersary of each indiTidual, not, as with us, upon that of 
his or her birth, but upon the day consecrated to the memory of 
the saint whose name he or she bears. By this usage each day in 
the calendar becomes as it were the peculiar property of certain 
individuals, and to efface the saints would be practically to rob all 
the world of their festiyals. In certain times and among certain 
people such a measure would excite an insurrection. 

6. The very first date indicated in the Almanack, that from 
which it takes its title, and which is marked upon its back, the 
number designating the year, may require some brief explanation. 
What is meant, for example, by the year 1855 ? What is its 
beginning ? what its end ? From what point of departure are its 
units reckoned P 1855 since when P These are questions to which 
the answers are not quite so obvious as they may seem. 

7. During the first five centuries after the birth of Christ, the 
Christians, comparatively few in number, and scattered among 
different and distant peoples, used in iheir records no other mode 
of expressing dates than those which prevailed among the nations 
of which they severally formed a part. In 532 A.D., when their 
numbers and importance had augmented, Dionysius Exiguus, a 
monk of Scythian birth, proposed that all Christians should adopt 
the epoch of the birth of Christ as their point of departure in 
eounting time and in the expression of dates. This rendered neces- 
sary an investigation into the question of the date of that event. 
Dionysius made historical researches, the result of which assigned 
the birth of Christ to the 25th day of December, in Hie 753rd year 
from the foundation of Eome. 

It might have been expected, therefore, that the first Christian 
year would commence on that day, and that its anniversary 
would be the first day of each succeeding year. It was, how- 
ever, found inconvenient to change the commencement of the 
year, and it was resolved to adhere to that of the Roman 
year theretofore used by the Church — ^that is, to the 1st January, 
and that the first year of the Christian era should be the 
754th year from the foundation of Rome. According to the 
mode of reckoning finally adopted, therefore, the year 1 a.d. was 
that which commenced at the moment of the midnight between 
the 31st December in the 753rd, and the 1st January in the 754th 
year of Rome. 

The uncertainty which must necessarily attend the exact date 
of an event so remote as the birth of Cluist, occurring moreover 
in an obscure comer of a remote Roman colony, and though 
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attended with fatare oonsequenoes so important, invested with no 
eironmstanoes whioh could lead to its haying been recorded in the 
public annals, does not at all a£Eect chronology ; since whateTer 
may have been the actual day of Christ's birth, that which 
connects the Christian with the ancient chronology is the first day 
of the year 754 of Rome. 

To conTert any year a.d. into the corresponding year of Rome, 
it is only necessary therefore to add 753 to it. Thus the year 
1 A.I). was the year 754 of Borne, the year 20 a.I). was the year 
773 of Rome, and so on. 

It will be observed that the first year of the Christian era is 
not, as might be imagined, that of the birth of Christ, bnt the 
following year. It is the year in which, according to the researches 
of Bionysius Exiguus, Clurist completed his first year. 

8. Suice, according to the Christian chronology, time is connted 
thus prospectively forward from the birth of Christ, the year after 
that event being taken as the first year of the series^ it might by 
analogy be presumed that in counting time retrospectively the 
year before the same event would be taken as the first year of the 
backward series. Thus while the year after that of the birth of 
Christ is 1 a.I)., the year before that of the birth of Christ would 
be the year 1 b.c., and consequently that the 3rear itself in which 
Christ was bom would be either a.d. or B.C. indifferently. 
By such a mode of expressing dates, the interval between- any day 
in any year a.d., and the corresponding day in another year B.C., 
would be found by adding together the numbers expressing the 
years. Thus the interval between 1st July, 1 a.I)., and 1st July,. 
B.C., was 1 year ; the interval between 1st July, 1 a.i>., and 
1st July, 1 B.C., was 2 years ; the interval between 1st July, 15 
A.D. and 1st July, 14 B.C. was 29 years, and so on. 

And this is, accordingly, the method of expressing dates which 
astronomers use. It is, however, unfortunately, not that adopted 
by historians and ohronologists. According to these the year 
753 of Rome, in which Christ is supposed to have been bom, is 
the year 1 B.C., and consequently all their dates B.C. exceed the 
corresponding dates of astronomers by 1. Thus the year which 
astronomers call 500 B.C., historians call 501 B.C. 

To find, therefore, the interval between any day in a year a.d. 
and the corresponding day in any year B.C. when the historical 
dates are used, it will be necessary to add together the two dates 
and subtract 1 from their sum. 

9. Historical events are often referred to by stating that they 
occurred in such or such a century. Now one might well suppose 
that there could arise no obscurity or confusion in the nse of such 
a term, yet it is notorious that after the year 1800, questions were 
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constantly raised in society as to whether such or such a day or 
month belonged to the eighteenth century or to the nineteenth. 

The first day and the starting point or zero of the Christian 
chronological scale was the nddnight with which the 1st January, 
1 A.B. commenced. This was the moment, therefore, at which 
the first century began, and it ended evidently when, dating from 
that moment, 100 complete years had elapsed. The first century, 
therefore, terminated and the second began at the midnight 
between the 31st December, 100 a.d. and the 1st January, 101 
A.D. In like manner the second century terminated and the 
third began at the midnight between the 31st December, 200 a.d., 
and the 1st January, 201 a.d. It is evident, therefore, that the 
entire year -100 a.d. belonged to the first century, and the entire 
year 200 a.d. to the second century ; and, in the same manner, 
it follows that the entire year 1800 a.d. belonged to the eighteenth 
century. The eighteentii century therefore commmenced with 
the 1st January, 1701 a.d., and terminated with the 31st Decem- 
ber, 1800 A.D., both these days belonging to that century. In 
like manner the first day of the nineteenth century was 1st Jan., 
1801 A.D., and its last day will be 31st December, 1900 a.d. 

10. One of the series of dates predicted in the almanack are 
those which mark the commencement of the seasons. The winter 
terminates and the spring commences at the moment of the vernal 
equinox; the spring terminates and the summer commences at 
the moment of the summer solstice ; the summer terminates and the 
autunm commences at the moment of the autumnal equinox, and 
the autumn terminates and the winter commences at the moment 
of the winter solstice. The conditions which determine the 
equinoxes and solstices have been explained in our Tract on 
" Time." 

GvTing to a certain small variation in the rate at which the sun 
moves annually round the firmament — the cause of which has 
been explained in the same Tract — ^the seasons are not equal in 
length. The following are their lengths respectively : — 

D. H. M. 

Spring . 92 20 50 

Summer 93 14 7 

Autumn 89 17 49 

Winter. * . . . ... 89 1 2 

8^5 5 48 

If the civil year, that is the year of the almanack, were iden-^ 
tical with the equinoctial year, the seasons would commence 
respectively always upon the same days of the year. But 
although tiie civil year in the long run does not vary to any 
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perceptible extent from the equinoctial year, this coincidence is 
not continual and reiults from the compensation produced by the 
deyice of bisBextile or leap years, for a full explanation of the 
origin and purpose of which, see our Tract on '< Time." By this 
expedient tiie civil years form a quadrennial cycle, consisting of 
three years of 365 days, and one year of 366 days. Now it will 
be easy to see that the consequence of this is, that the commenoe- 
ment of spring oscillates forward and backward alternately, being 
for the first tluree years of the cycle continually 5^ 48" later, and 
in the last year 18^ 12" earlier. On this account the first day 
of spring sometimes falls upon the 20th and sometimes on the 
21st March. 

As the length of the seasons respectively remains the same, it 
follows that tbe commencement of them severally is subject to a 
like variation. The commencement of summer oscillates between 
the 21st and 22nd June, that of autumn between the 22nd and 
23rd September, and that of winter between the 21st and 22nd 
December. 

To make this more evident let us take for example the qua- 
drennial cyde, which commenced with the year 1853. The 
commencement of spring in the year 1853 vras at 4*^ 40" in the 
afternoon of the 20th March. The year 1853, having only 
365 days, while the interval between the two successive equinoxes 
is 365*^ 5^ 48", it follows that the commencement of spring in 1854 
was 5^ 48" later, and consequeutiy took place on the 20th March, 
at 10^ 28" in the evening. In the same manner, 1855 having 
only 365 days, the next commencement of spring is again 5^ 48" 
later, and consequentiy takes place at 16 minutes past 4 o'clock in 
the morning of the 2lBt March. The following year, 1856, is, 
however, leap year, and has 366 days, while the interval between 
the equinoxes being only 365*^ 5** 48", is 18*^ 12" less, and con- 
sequentiy the commencement of spring will be 18^ 12" earlier in 
1856 than it was in 1855, and, therefore, will take place at 
4 minutes past 10 o'clock in the morning of the 20th March. 

Thus the commencement of spring alternately advances and 
retrogrades ; but the Julian cycle of four years, modified by the 
Gregorian cyde of 400 years, produces such a compensation, that 
for many thousands of years it cannot be earlier than tiie 20th or 
later than the 21st March, and the variation of the commencement 
of the other seasons is subject to similar limits.* 

11. It will be evident, therefore, that although the year, in 
respect to its length, has a relation to the course of the seasons, it 
has no such relation in respect to its beginning and end. It 

* See Tract on «< Tun©.** 
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miglit have been supposed that, as all oivilised people have con- 
eumd in adopting Ihe course of the seasons as the great unit of 
time, they would have also £b:ed the limits of these units as they 
succeed each other, by making them correspond with the natural 
limits of the seasons. It is a very remarkable feu^t, nevertheless, 
that, although various beginnings and endings of the year have 
been adopted at different ages and in different nations, not one 
that we know of was determined by the natural limits of the 
seasons. 

12. Some religious observances, such, for example, as Christmas, 
the Assumption, the Annimciation, always return upon the same 
days of the same month. Others, such, for example, as Easter, 
Trixdty Sunday, Whitsimday, Corpus Christi, return on diffe- 
rent days in each successive year, and are hence called moveable 

PEA6TS. 

To assign from year to year the dates of these moveable feasts 
is one of the chief religious uses of the calendar. 

The principal of the moveable feasts, and that upon which the 
dates of all the others depend, is Easter,* or the festival of the 
Eesurrection. 

13. The Resurrection took place at or near the full of the moon 
which followed the equinox. This was also the time when the 
Jews were accustomed to celebrate their festival of the Passover. 
The celebration of that feast was regulated not only by the sun, 
but also by the moon, and as the period of the lunar phases is ' 
not commensurable with that of tiie seasons, the Passover was 
necessarily a moveable feast, in reference to an equinoctial year. 
The Christian festival was celebrated at the Paschal full moon, 
because its origin was connected with the time of the Passover. 
Many of the early Christians held Easter to be the Jewish Passover 
conl^ued as a ChriBtian rite, and celebrated it on the day of the 
Passover instead of the Sunday after. The Nicene Council put a 
stop to this notion and practice ; and means were taken at the 
reformation of the calendar to prevent the Christian festival 
from falling actually upon the same day as that of the Jewish 
Passover. 

14. It is a great error, though a very common one, to suppose that 

* The Saxons had a goddess to whom they sacrificed in the month of 
April, called Eotter (known in Greek as Astarte, and in the Hebrew as 
Ashtoreth). To this goddess, according to Bede, they sacrificed in April, 
which they called Eoster-monath, Some have thought that the word East 
in Saxon referred to rising, and that the point of the compass thus gets its 
name from the rising of the sun, and the festival from the rising of the 
Saviour. But the former is the most probable derivation, Christian rites 
and usages sometimes acquired the names of their heathen predecessors, 
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tHe date of the festival of Easter has a strict dependence npon the 
periodical phases of the moon. As our knowledge of as^nomy 
has heen for ages progressive, and as the tahles of the lunar 
motions more especially have heen suhject to continual improve- 
ment, heing rendered more and more exactly in accordance with 
the phenomena as science has advanced, it would follow that, if 
Easter were strictly regulated hy the moon, the ecclesiastical 
authorities, from whom the calendar has always emanated, would 
he dependent on the astronomers of the time heing for the means 
of predicting from year to year the days to he appointed for the 
celehration of Easter ; inasmuch as a rule prescrihed hy the astro- 
nomers of the 14th century would fail before the improved 
knowledge of those of the 15th ; as the rule prescribed by the latter 
would be rendered erroneous by the still more exact knowledge 
obtained by those of the 16th, 17th, 18th, and 19th. 

Now, any person who will refer to the prefatory matter prefixed 
to the Book of Common Prayer, will see that the means of pre- 
dicting the days upon which the Feast of the Resurrection will 
fall for centuries to come, are given entirely irrespective of the 
contingent discoveries of astronomers, and of the possible errors 
which might have prevailed in times past as to the lunar motions* 

That approximate coincidence between the epoch of the cele- 
bration of the Besurrection and the astronomical dates of the 
vernal equinox and the fall moon was designed, is undoubtedly 
true, and that the technical rules laid 4pwn for calculating 
from year to year the day of the celebration of the Besurrection^ 
does lead to a certain rough correspondence with the lunar phases, 
may be admitted. But the determination of Easter-day has no 
necessary dependence on, and is not meant to be defined by, the 
actual lunar phenomena as seen in the heavens. 

15. According to the rule established by the B^man branch of 
the Catholic Church, and which has been followed by the Church of 
England, the day of the celebration of the Feast of the Besur- 
rection is determined, according to the explanation of the English 
Church, in the following manner : — 

Find the day of theji/rst full moon which occurs on or after the 
day of the spring equinox. The festival of Easter will he cele- 
brated on the Sunday next following that day, 

16. Now it is most necessary to the clear comprehension of the 
calendar, and for the prevention of numerous errors into which 
even well-informed persons frequently fall, to observe emphatically 
that not one of the principal terms used in this rule is to be 
understood in its usual and obvious meaning. The *' spring 
equinox " does not mean the real spring equinox of the astro- 
nomers, the ** moon " does not mean tiie inoon which shines in the 
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firmament, nor does ** fall " moon mean a moon with a complete 
circular phase. 

It often happens, accordingly, that the day appointed in the 
calendar for Easter Sunday is altogether different from the day on 
which that festiyal would fall, if the terms of the rule were used 
in their usuual sense, and in such cases we find the newspapers 
filled with indignant imputations of error in the calendar, and 
visiting the public wrath upon those under whose direction it was 
compiled and computed. 

17. We have shown that the commencement of spring, or what 
is the same, the moment of the spring equinox, is subject to 
variation in relation to the civil year, falling sometimes on the 
20th and sometimes on the 2Xst March. The spring equinox of 
the calendar is, however, an imaginary equino:x, which is 
supposed never to vary from the 21st March. Thus, even when 
the real equinox falls on the. 20th March, the fictitious equinox of 
the calendar, by reference to which Easter is determined, still falls 
upon the 21st March. 

18. GChe term ** moon " in the rule signifies also a fictitious object, 
created or imagined expressly to suit the purposes of the calendar. 
Nor is the adoption of such a fiction, where it serves convenient 
purposes, unwarranted or unusual. Astronomers themselves 
have found their computations of the celestial phenomena 
materially facilitated and simplified by creating fictitious suns, 
moons, and planets, to which imaginary motions are imputed ; and 
it may, therefore, be Mrly contended that the creation of a 
fictitious moon for ecclesiastical purposes is not less justifiable. 

The ecclesiastical moon is an object whose motions are govenied 
by certain numbers, called the '* golden numbers" and the 
^^epacts." These numbers have a relation to the periodical 
chuiges of the real moon, in virtue of which the place of the 
ecclesiastical moon can never vary from that of the real moon 
beyond a certain limit. Thus the fall of the one may differ by as 
much as two days from the fall of the other, but not more. 

A << fall " moon, whether real or fictitious, is that which is 
presented at the middle of the interval between two successive 
new moons. Thus, if this interval be 29j^ days, the fall moon will 
take place in 14| times 24 hours after the moment of new moon. 
Now this is not the sense in which '* fall" moon is to be under- 
stood in the rule. To define exactly the sense of " fall !' moon in 
the rule, it will be necessary first to explain how the "age" of 
the moon is expressed in the language of the calendar. 

19. The day upon which the moon is in conjunction with the 
sun, or, what is the same, upon which new moon takes place, is^ 
properly speaking, shared between the old. and the new moonSt 
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If, for example, the conjunotion tak^ place at 3 o'clock in the 
afternoon, the interval of 15 hours since midnight belongs to the 
old, and the remaining 9 hours, until the next midnight, to the 
new moon. It is the custom, nevertheless, to call this the ''first 
day of the new moon," and not the '* last day of the old moon." 
Consequently, the ''second day of the moon" is the day upon 
which it completes the first twenty-four hours of its age and com- 
mences the second twenty-four hours, and so on. 

It may be objected that this mode of expressing the moon's age 
would lead to certain absurd consequences. It may happen, for 
example, that the moment of new moon may be only a second 
before midnight, in which case only one second of the entire day 
will belong to tiie new moon, and the day will, nevertheless, be 
called the '* first of the moon." 

Notwithstanding this, the first day of the moon is the day upon 
which the conjunction takes place, or the day upon which the new 
moon commences, no matter how late in the <Uy, no matter how 
near its close the moment of such commencement may happen to be. 

20. By the day of "full" moon in the rule, is tlien to be 
understood, not, as might be expected, the day upon which the 
middle of the interval between new moon and new moon falls, but 
the 14th day of the (ecclesiastical) moon's age ; that is, according 
to what has been just explained, the day upon which that moon 
terminates its 13th and begins its 14th, twenty-four hours. 

21. Thus it appears that the day of the Ml moon, by which 
the date of Easter-day is fixed, is not only not that of the full 
moon visible in the heavens, nor of the fictitious moon imagined by 
astronomers to define the average place of the real moon, but it is 
not even the day on which the fictitious ecclesiastical moon itself 
is full. In fine, the use of the term " full" in the rule given in 
the Book of Common Prayer is altogether incorrect, whatever 
sense may be attached to the term moon, and the rule ought to be 
expressed as follows : — 

Ftnd the day on or next after the 2\st March upon which the 
ecclesiastical moon attains the 14M day of its age. The Sunday 
fchtch next follows that day will be Easter-day, 

Now, provided that the ecclesiastical moon be understood, this 
rule (after the explanation given above of the mode of expressing 
the age of the moon) is clear and definite. 

It will be observed, that, according to the terms of the rule, if 
the 14th day be Sunday, £aster-day must be the following 
Sunday ; but the 21st of March may itself be the 14th day. 

It remains, therefore, only to explain the conditions which 
define the fictitious object which we have here called the 

SCCLEBIASTICAL MOCK. . 
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HOW TO PREDICT BASTBR. 

22. Let it be remembered that the astronomical year oonsists of 
365 days, 5 hours, 48 minutes, and 48 seconds, and that a lunar 
month varies in length from about 29^ days to 29| days, its 
average length being exactly 29 days, 12 hours, 44 minutes, and 
3 seconds. 

It will appear from these numbers that 19 astronomical years 
consist of about 

D. H. M. B. 

6939 14 27 12, 
while 235 average lunar months consist of about 

D. H. M. 8. 

6939 16 31 45. 

It appears, therefore, that 235 average lunar months exceed 
19 astronomical years by only 2 hours, 4 minutes, and 33 seconds. 

It follows from this, that if the course of time be resolved into 
a succession of periods, or cycles, of 19 astronomical years, the 
same phases of the moon which are presented in any year of one 
cycle will be reproduced in the corresponding year of the next 
cyde, on the same days, but 2 hours, 4 minutes, and 33 seconds 
later. If, therefore, the dates of the phases, those of the new 
moons for example, in each successive year of any one such cyde 
be ascertained, either by immediate observation or by calculation, 
their dates in the successive years of the next cyde will be on the 
same days, but 2 hours, 4 minutes, and 33 seconds later. 

If, therefore, time were coxmted by astronomical years, and if 
the period of tiie limar changes were always equal to the average 
lunar month, the days of new moons of any one cyde of 19 years 
being ascertained, the days of the new moons of every succeeding, 
and of every preceding cycle, would be known. 

23. But thne is not counted by astronomical years, and the 
period of the lunar phases is not always the same, and therefore 
this reproduction of the series of lunar phases, or coiresponding 
days, will not take place. 

Unlike the astronomical year, the dvil year is not constantly of 
the same length. It consisto, as has been already explained, some- 
times of 365, and sometimes of 366 days. Nei^er is a cycle of 19 
successive dvil years always of the same length. Such a cycle 
contains sometimes only five, and sometimes four, leap years, and 
consists, therefore, sometimes of 6940, and sometimes of 6939 days. 
It, therefore, sometimes exceeds a cycle of 19 astronomical years by 
nearly a quarter of a day, and sometimes falls short of such a cyde 
by more than three-quarters of a day. If four successive cycles 
of 19 civil years be taken, three of them will exceed one astro- 
nomical year by something less than a quarter of a day, and the 
fourth wiU fall short of an astronomical year by something more 
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than three-quarters of a d^y. The total length of the four 
sacGessiye cyoles of 19 civil years will be as nearly as possiblB 
equal to four cycles of 19 astronomical years. 

Thus it is evident that the civil year, though variable in lengtii, 
oscillates alternately on one side and the other of the astronomical 
year; and, in like manner, the cycle of 19 civil years, vrhich 
is also variable by one day, oscillates at each side of the cycle 
of 19 astronomical years. The civil year and the civil cyde 
are alternately overtaking and overtaken by the astronomical 
year and cyde, and their average lengths are respectively equal 
in the long run to the average length of the latter. 

In like manner, l^e lunar month is subject to a certain limited 
variation, so that the phases of the real moon are alternately over- 
taking and overtaken by those of the average moon. 

24. Now let us imagine a fictitious moon to move roimd the 
heavens in the path of the real moon, but with such a motion 
that its periodical phases shall take place in exact accordance with 
the civil years, and with the cycles of 19 civil years, in the 
same maimer as the phases of the real moon recur in the succession 
of astronomical years, and in the cycles of 19 astronomical years. 
€uch a fictitious moon is then the ecclesiastical moon, and is the 
moon whose phases are predicted in the calendar. 

It will be evident from all that has been explained, that this 
ecclesiastioal moon will alternately pursue, overtake, and outstrip 
the real moon, and be pursued, overtaken, and outstripped by it; 
that they will thus make together their successive revolutions of 
the heavens, and that they will never part company, nor either 
outstrip or fall behind the other beyond a certain distance, which 
is limited by the extent of the departure of the civil from the 
astronomical year, and by that of the real from the average lunar 
month. 

25. For the purposes of the calendar, therefore, the course of 
time is supposed to consist of a succession of cycles of 19 civil 
years, and it lias been agreed that each^ such cycle shall com- 
mence with a year the first day of which shall be the last day 
of the moon's age, or, what is the same, the day on which the age 
of the succeeding moon is 0. 

The number which marks the place of any year in the cycle to 
which it belongs is called the Golden Ntthbeb of the year. Thus 
when we say that the Golden Number of the year 1855 is 13, we 
mean that the year 1855 is the 13th year of the cyde to which it 
belongs, and it may be thence inferred that the f^st year of the 
cycle was 1843. 

26. The age of the ecclesiastical moon on the first day of the 
first year of the cycle being known, its age upon the first day of 
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each succeeding year 6f the cycle may be determiaed. The 
number which expresses the age of the moon on the first day of 
any year of the cycle is called tbe Epact of that year. 

The series of Epacts corresponding to the Gt)LD£N Numbers of 
the years of a cycle are given in the foUomng table : — 



GFolden Number . 


I 

o 


2 
II 


3 

22 


4 
3 


5 
14 


6 
^5 


7 
6 


8 

17 


9 

28 


lO 

9 


II 

20 


12 

I 


13 

12 


23 


15 

4 


16 
15 


17 
26 


18 

7 


19 
18 


Epact 



27. The age of the ecclesiastical moon on the first day of any 
year being thus known by the Epact, which, as well as the 
GoLD£N NuMBEB, is given in the Almanack, the age of the moon 
for every day of the same year can be ascertained, and by this 
means the date of Easter, according to the conditions of the rule, 
may be determined. 

28. To show the application of the Golden Numbers and Epacts, 
and the departure of the ecclesiastical moon from the real moon, 
let us take for example the year 1855. The Golden Number 
being 13, the Epact, as appears by the above table, will be 12, 
and consequently. On the 1st of January the ecclesiastical moon 
will be in its 12th day. Its first day was, therefore, the 21st of 
December. Now, by referring to the lunar tables given in the 
almanacks, it will be found that the agJB of the real moon at the 
midnight which commenced the 1st of January, was 12 days 2| 
hours, and consequently the real moon was new on the evening of 
the 19th of December, at three-quarters of an hour past 9 o'clock. 

It appears, therefore, that in this case there is a difference of 
two days between the real and ecclesiastical moons. 

29. It is the ecclesiastical moon which alone figures in the 
calendar, and by the phases of which the date of Easter is 
governed : let us now see within what limits the variation of that 
festival, and consequently of all the other moveable feasts which 
depend on it, are confined. 

30. It appears by the rule, rightly interpreted, that Easter will 
be the first Sunday after the 14th day of the ecclesiastical moon 
which occurs next after the 20th of March. 

The earliest date of Easter compatible with these conditions 
would be when the 14th day of the ecclesiastical moon would fall 
on the 21st of March, and that the 21st of March itself should 
fall on a Saturday. In that case the following day, that is, the 
22nd of March, would be Easter Day. Earlier than this the 
festival of Easter cannot fedl, consistently with the rule laid down 
by the Church. 

This contingency actually occurred in the year 1818. Its occur- 
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renoe is, however, As may be imagined, very rare. Thus for 
three centuries, before 1818, it only happened three times, viz*, 
in 1598, in 1693, and in 1761, and it will not happen again 
nntil 2285. 

31. That Easter shonld be celebrated on the latest day which is 
permitted by the rule, it would be necessary that the 14th day of 
the ecclesiastical moon should be as late as possible after the 20th 
March, and that it should fall upon Sunday. To be as late as 
possible, it would be necessary that the 20th March should be 
itself the 14th of the moon, la that case the 14th of the next 
moon wotdd fall upon the 18th April, which being by the supposi- 
tion Sunday, Easter-day will by the rule be the following Sunday, 
that is the 25th April. Later than this Easter cannot fftU, 
consistentiy with the rule laid down by the Church. 

This contingency last occurred in 1734, and will next happen 
in 1886. It occurred in 1666 and will occur in 1943, in 2038, in 
2190, &c. 

Thus it appears that Easter-day may fall upon any of the 35 
days, which are included between the 21st March and the 26th 
April, but that it cannot be earlier than the 22nd March, nor 
later than the 25th April. 

32. The moon, the phases of which determine Easter, is called 
the Paschal Moon, and it is most important to bear in recollec- 
tion that it is not the real visible moon of the heavens, but is the 
fictitious or imaginary moon called the Ecclesiastical Moon. 

As the 14th day of the paschal moon cannot be earlier than the 
21st March, nor later than the 18th April, it follows that the first 
day of that moon cannot be earlier than the 8th March, nor later 
than the 5th April. 
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CHAPTEE II. 

83. Puelia) moon KmatimM giTN ■ difismit Suter &am ittl moon. — SI. 
Oecanco of paUie ooDtrorenisa. — 35. Profesior De Morgan pointi ont 
•mwimActaf Puliunciit. — 88. OtharmoveibU Pwata.— 87. Bztract 
from DsHusu'i Book of AlmuKka.—SS. Wtut-Snndftj. — 39. Tlie 
IndiotioiL — 40. Solar Cjrcle. — H. ToGndtbe year of the cuireat soIai 
eyda. — *2. Dominical or Snnilaj Letter. — 13. Hovr affected by Leap- 
year. — U. Sunday Letter of ths yeu I .i.n. — 16. To find Sanday 
Letter for any year. — 4S. Brai. — 47. Jalian Period.— 'IS. Its eom- 
SMDoemsnt detarauMd. — 49. Iti nu in eluonology. — SO. ContMita of 
tha Calendar. — SI. Aipect af tk« B«*T«na, — S2. T'aaa sf rising anl 
IiABDR-ia'a HuHUK 01 Soimi. a .17 
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setting of celestial bodies. — 53. Distortion produced by the atmos- 
phere. — 54. Other effects. — 55. True and apparent sunrise. — 
56. The snn seen before it rises. — 57. Conventional meaning of the 
terms sunrise and sunset. — 58. Befraction. — 59. The Equinoxes — 
60. Day and night rarely of the same length. — 61. How modified by 
refraction. 

33. Since the dates of the corresponding phases of the real and 
ecclesiastioal moons never differ one from the other by more than 
two days, and generally by still less, it Happens most commonly 
that the 14th of the paschal moon and the full of the real moon 
fall in the same week, and in all such cases the date of Easter-day 
would be the same, whether it be determined by the one moon or 
the other. But they may and sometimes do fall in different 
weeks. Thus the full of the real moon may fall on a Friday or 
Saturday, while the 14th of the paschal moon faUs on Sunday or 
Monday. In that case the date of Easter determined by i^e 
paschal moon will be a week later than if it were determined by 
the real moon. 

On the other hand the 14th of the paschal moon may fall on 
Friday or Satttrday, while the fuH of the real moon falls on 
Sunday or Monday. In that case the date of Easter, as 
determined by the paschal moon, would be a week earlier than its 
date determined by the real moon. 

34. Whenever this discordance arises between the dates of 
Easter, as it would be determined if the real moon jgresided over 
it, and as it is determined by the ecclesiastical moon, the public 
press teems with diatribes either against the astronomers for mis- 
direction of the computers of the almanacs, or against the com- 
puters for running counter to the lunar tables of the astronomers. 
As examples of this may be mentioned the year 1798, in which by 
the dictates of the real moon Easter should have fallen on the 
1st April, but the ecclesiastical moon postponed it to the 8th ; the 
year 1818, in which the real moon would have assigned it to the 
29th March, but the ecclesiastical, moon threw it back to the 
22nd March, and the year 1845, in which the ecclesiastioal moon 
placed Easter on the 23rd March, while the real moon would have 
postponed it to the 30th. 

. 35. It was on the last mentioned occasion that the questions 
raised, and the disputes which prevailed, produced two remarkable 
essays on the subject of the Calendar and its history, by Professor 
De Morgan, which were published in the '< Companion to the 
British Almanack for the years 1845 and 1 846." In these articles 
were for the iirst time exposed some glaring errors committed by 
the. British Legislature in the Act of Parliament (24 Geo. II., 
cap, 25, A.D. 1751), whiob at the time of the change of style 
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regulated the ealendar, and supplied those rules and explanations 
which are still prefized to the Book of Common Prayer of the 
Established Church. Professor De Morgan showed that the 
Legislature committed the error of taking the real moon of the 
heavens, as that by the phases of which Easter was to be 
determined, although the authorities from which they borrowed 
their rules, and which it was their intention to follow, most 
expressly disclaimed the celestial moon, and even showed the 
objections against taking it for the determination of the date of 
Easter. But the blunders did not end here. The professor 
further showed that not only the British Parliament, but astro- 
nomers themselyes, and even many authors who had written 
expressly on the calendar, were altogether ignorant of the fact 
that it was not the day of the fall, even of the ecclesiastical moon, 
but the 14th day of that moon's age, by which Easter was to be 
determined. Nevertheless, as the terms of the rule for determin- 
ing Easter, properly understood, were correct, although the 
explanations and commentaries appended to them by the Legis- 
lature were erroneous; and as it was the evident intention of 
the Act to adopt the same method of determining the date of 
Easter as was used in the Boman Catholic Church; the com- 
puters of the almanacks were not misled by the wrong expla- 
nations, but continued to fix Easter as it was fixed ui the Roman 
Church, and as in fact it was intended to be fixed in the Church of 
England. 

36. The conditions which determine from year to year the date 
of Easter being well understood, the dates of other moveable 
feasts, all of which have fixed relations to Easter, will be deter- 
mined. Some of these come before, others follow, Easter. As 
Easter, therefore, advances or recedes in date, it pushes forward 
the latter, and ^raws after it the former. 

37. Tke following short explanation of the moveable feasts of 
the Chureh, and their dependanoe on Easter, which we borrow 
from Professor De Morgan's ** Book of Almanacks," cannot be 
improved : — 

** In the English nomenclature Easter Sunday has always the 
six Sundays in Lent immediately preceding, and ihejive Sundays 
after Easter immediately following. Of these the nearest to 
Easter before and after are Palm Sunday and Low Sunday ; the 
farthest before and after are Quadrctgesima (first in Lent), and 
Mogatton Sunday (fifth after Easter). Preceding all these are, in 
reverse order, Quinfuagesimay Sexagesima, Septuagenma : and 
following .theim iix 4^rect order, are the Sunday after A^cemian 
<Holy Thursday, Thursday ^yq weeks after Easter), Whit 
Sunday and TVinity SwKby* So t)iat Easter Sunday, aa it takes 
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its oonrae througli the almanacks, draws after it, as it were, nine 
Sundajs, and poshes eight before it, all at £b:ed denominations. 
Looking farther back, every Sunday preceding Septuagesima, but 
not preceding the fixed day of Epiphany (Jan. 6th) is named as 
of Epiphany or after Epiphany: the least number of Sundays 
after Epiphany is one, . the greatest number six. Looking farther 
forwards, all the Sundays following Trinity are named as after 
Trinity, in ducoession, until we arrive at the nearest Sunday (be 
it before or after) to St. Andrew's Day (Nov. 30th), which is the 
first Sunday in Advent, The least number of Sundays after 
Trinity is twenty-two ; the greatest, twenty-seven. From thence, 
up to Christmas Day, exclusive, the Sundays are named as in 
Adventy and ixom Christmas Day to Epiphany, exclusive, they are 
named as Christmas Day, or as the first or second Sunday after 
Christmas.'* 

38. The name Whitsttndat, or WHirE-stmnDAT, given to the 
festival of the Pentecost, is taken from an old custom of candi- 
dates for baptism, or for the first communion, wearing white 
dresses on the occasion, a custom still observed by females in 
Catholic coxmtries. 

39. In all almanacks a certain number is found connected with 
the year, called the Indiction. 

The Indiction is a period of fifteen years, having no reference 
to any religious observance or commemoration, nor any corre- 
spondence with astronomical phenomena. It was a conventional 
division of time, which was first established in the Roman empire 
and its dependencies, in the time of Constantine, and the 
origin of the name is unknown. It has been conjectured, that 
Constantine, desiring to discontinue the Pagan metiiods of reck- 
oning time by Olympiads, which were periods of four years, and 
finding besides a longer division more convenient, established the 
Indiction. 

The Indiction, tmlike the periods marked by the golden. 

^nimiber and the epact, had no relation to religion, but was 

used in the courts of law and in the fiscal administration of the 

empire by Constantine and his successors, and was continued 

under the Popes. 

The point of departure of the Indictions was finally fixed by 

Gregory YII. to be the first day of the year 313, and calculating 

back from that, it would follow that the first year of the Christian 

era was the fourth year of the current Indiction. If then it be desired 

to find the numerical order of any proposed year since Christ in the 

current Indiction, it is only necessary to add 3 to it, and divide 

by 15, the remainder will be the sought number, and will be the 

Indiction of the proposed year. Thus, to find the ^diction of the 
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year 1855, we add 3, which gives 1858, and dividing by 15 
we find the remainder 13, whioH is the Indiction. 

40. A common year of 365 days consists of 52 weeks and 1 
day. It follows, therefore, that such a year is always followed 
by one which begins one day later in the week. If seven such 
years followed each other in uninterrupted succession, their first 
days would be the seven successive days of the week. 

But a leap year consists of 52 weeks and 2 days ; therefore, the 
first day of the year which succeeds it will be two days later in 
the week than that of the leap year. Since in seven successive 
years there mttst be one, and may be two leap years, it follows 
that the first days of the years included in such a period will not 
include all the days of the week. 

To find the interval which must elapse between two years, each 
day of which wiU fall upon the same day of the week, it will be 
evidently necessary to find a number of years which will consist 
of an exact number of weeks. If there were no leap years, this 
number would evidently be 7, since the odd day which is con- 
tained in each year, seven times repeated, would make up a week, 
so that 7 years would consist of 4 times 52 weeks and 1 week, 
that is 209 weeks exactly. But the recurrence of a year of 366 
days every fourth year prevents this. 

Four years consist of 208 weeks and 5 days. It will be neces- 
sary, therefore, to find how often this interval must be repeated 
to make a complete number of weeks ; or, what is the same, how 
often five days must be repeated to make a complete number of 
weeks. Now this is evidently 7 times, which will make up 5 
oon^lete weeks. If 4 years, therefore, be repeated 7 times, 
we [^all obtain a number of years which will be also an exact 
number of weeks. But this number of years is 28, and- it con- 
sists of 7 times 208 weeks, together with five weeks, making in 
all 1461 weeks. 

After every successive period of 28 years, therefore, the same 
days of the year will fedl upon the same days of the week. 

This period of 28 years is called the Solab Ctcle. 

41. The first year of the Christian era being taken to be the 
tenth of the current solar cycle, it follows, that to find the nume- 
rical order of any proposed year in the current solar cycle, we 
must add 9 to the year, and Aivide by 28 ; the remainder, if any, 
will be the order of the year. If there be no remainder, the year 
will be the last, or the 28th of the current cycle. Thus, for 
example, to find the order of the year 1855 in the solar oyde, 
adding 9, we have 1864, and dividing by 28, we obtain the 
remainder 16, showing that 1855 is the 16th year of the cycle, and 
the first year of the present cycle was therefore 1840, 
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42. The Dominical, or Sitnsay letteb, wMoh appears prefixed 
to the calendar, is an expedient by which the days of the week, 
which fall upon the saoceBsiye days of any proposed year, past or 
fdtnre, may be determined. This expedient has a close relation 
with the solar cycle jnst explained. 

If the general calendar nsoally prefixed to the Book of Common 
Prayer of the Established Church be referred to, it will be seen, 
that in the column which follows that of the numbers expressing 
the days of the month, the first - seven letters of the A^habet, 
A, B, c, D, £, f , and o, are annexed, and are continually repeated, 
for everj successiye series of seven days to the end of the year ; 
the intercalary day of the 29th of February, in the case of a leap 
year, being, however, past over, and the letter which suoceeds 
that annexed to 28th February being annexed to 1st Maroh^ as it 
would if the year were a common year of 365 days. 

Now, if these seven letters be supposed to express the seven 
successive days of the week upon which the first seven days of the 
year fall, they will express equally the days of the week upon 
which all the succeeding days of the year fall, when it is a common 
year of 365 days, which we shall for the present suppose it to be, 
and the same letter throughout the year wiU everywhere express 
the same day of the week. Thus, if the 1st January fall on 
Sunday, the letter a, which is annexed to the 1st January, being 
also annexed to every seventh successive day to the end of the 
year, all these days must be Sundays. 

In the same manner, the letter b being annexed to the 2nd 
January , that day being Monday, the same letter B will be found 
after every seventh succeeding day to the end of the year, aad| 
therefore, all such days having b annexed will be Mondays. 

It will be evident that like inferences will be applicable to the 
days marked by the other letters, and that similar consequenoes 
would foUow if the 1st January were supposed to fall upon any 
other day. 

Whatever, therefore, be the day from the 1st to 7th January, 
inclusive, upon which Sunday may happen to £el11, the letter 
found annexed to that day will be found annexed to all the suc- 
ceeding Sundays in the year ; and consequently, if the day of the 
first seven on which the Sunday falls be known, the letter annexed 
to it will make known without further computation all the Sundays 
in the year. 

This letter has therefore been called the DoiuiriCAL, or Sunday 

LETTER. 

43. But we have here supposed the year to be a common year 
of 365 days. If it be a leap year, the case will be different. 
In that case the letter which is annexed to the 1st March, will 
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express a day of the week one day later than that which it 
expressed before the 29th February, and the same will conse- 
quently be true of all the other letters. Thus, if the 22nd 
February, to which J> is annexed, were Monday, all the other 
days, from 1st January to 28th February, to which J> is annexed, 
would also be Mondays, and consequently the 28th February, to 
which c is annexed, must be Sunday, and therefore the 29th, to 
which no letter is annexed, must be Monday, and therefore 1st 
March, to which s is annexed, must be Tuesday, and all the suc- 
ceeding days, to the end of the year, to which d is annexed, must 
be Tuesdays. Thus, in a leap year, if d express Mondays before 
the 29th February, it will express Tuesdays after that day, 
and, in general, each letter after the 29th February, will express 
the day of the week which succeeds that which is expressed before 
the 29th February. 

It follows, therefore, that the Sunday letter in a leap year after 
the 29th February, is the Saturday letter before it, and is, con- 
sequently, the letter of the alphabet which precedes the Sunday 
letter at the beginning of the year. Thus, if the Sunday letter 
before 29th February be c, the Sunday letter after it wiU be b, if 
D it will be c, and so on. If the Simday letter before 29th 
February be a, it will be g after it. 

A leap year, therefore, has two Sunday letters, the first 
applicable to the part before, and the other to the part after, the 
29th February. 

44. It has been supposed that the birth of Christ took place on 
the Sabbath of the Jews, and consequently on the day now called 
Saturday. Since 1st January is the seventh succeeding day, it 
follows that the first day pf the first year of the Christian era was 
Saturday, and consequently the Sunday letter of the year 1 a.d. 
wasB. 

45. Since a common year consists of 52 weeks and one day, it 
follows that the first and last day of such a year will fall upon the 
same day of the week, and that the first seven days of the next 
year will fall upon the week days which immediately succeed 
those upon which they fell in the preceding year. This will 
supply an easy rule, by which, when the SuncUiy letter of any 
year is known, those of all succeeding years may be at once found 
without calculation. 

Let us suppose that the 1st January, in a certain year, is 
Sunday. The Sunday letter wiU then be A for that year. The 
year being supposed to be a common year, its last day will also be 
Sunday, and tiierefore the first day of the next year will be 
Monday, and the seventh, Sunday. The Sunday letter of that 
year will then be g. 
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I like maimer it may be Bhown that the Sunday letter of the 
next, being a common year, will be f, and in fine, in general, the 
Sunday letter of a year which succeeds a common year will be the 
letter which precedes the Sunday letter of the year before. 

The same will be true when a leap year is succeeded by a 
common year, only in that case the Simday letter of the latter 
will be that which precedes the Sunday letter of that part of the 
leap year which follows the 29th February. 

These observations will be illustrated by the following table of 
Sunday letters of the years 1840 to 1860 : — 



Tears. 


Sunday 
Letters. 


Tears. 


Sunday 
Letters. 


Team. 


Sunday 
Letters. 

• 


1840 
1 841 
1842 
1843 
,844 
1845 
1846 


B D 
C 
B 
A 

GF 
B 
D 


1847 
1848 
1849 
1850 
1851 
1852 
1853 


C 
B A 

G 

F 

B 
DO 

B 


1854 
1855 
1856 
1857 
1858 
1859 
i860 


A 

G 
F B 

D 

C 

B 
A G 



46. It is known to every one that different nations count their 
years and refer their historical evente to different epochs, or esas,* 
as the points of departure have been called. 

47. As may be easily conceived, much confusion arises from 
this cause. To compare together historical dates which refer to 
different eras, it is necessary to make a calculation based upon 
the interval between the eras to which the dates are severally 
related. It has therefore been considered to be a matter of great 
convenience to historical students in general to have some fixed 
era of common reference, to which dates referred to other eras 
may be reduced, so as to form a common standard of historical 
and chronological time, as the first day of the year does in the 
case of civil time applied to shorter intervals. A period has been 
accordingly agreed upon for this purpose, derived from the com- 
bination of the three cycles, the Metonic, the Solar, and the In- 

* Etymologists differ as to the origin of this word. The Latin tiara is by 
some derived from the plural of €Uy brass or money ; in the plural signi^fing 
also counters. Others derive it fitun the Ghreek ; others firom the Arabic ; 
and according to others, it is composed merely from the initials of the Latin 
sentence Ab exordM regni Attgtuti, ''from the beginning of the reign of 
Augustus.** 
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diotion, which have jnst heen explained. To find a certain 
number of years, which is at the same time an exact multiple of 
each of these cycles, we have only to multiply together the 
number of years in each of them. Thus, if we multiply 19 by 15, 
we shall obtain 285 years, which consists of exactly 15 cycles of 
Meton and 19 Indictions. Again, if this last number, 285, be 
multiplied by 28, we shall obtain 7980 years, which consists of 
exactly 285 solar cycles, or of 420 Metonic cycles, or, in fine, of 
532 Indictions. 

This interval of 7980 years was proposed as a common historical 
and chronological period, by the celebrated historian Joseph 
Scaliger, who gaye it the name of the Julian Pebiod. 

48. For the purposes of history and chronology, it was not, 
however, enough to suggest such a cycle. It was necessary to 
discover its natural and proper starting-point or era. Supposing 
that we are now at some point in such a current cyde, what is 
that point ?— or, which is the same thing, what was the first, year 
of the period P 

Since the period proposed consists of an exact number of cycles 
of Meton, an exact number of Indictions, and an exact number of 
solar cycles, it is evident that its natural and proper commence- 
ment must be the year which was at the same time the first of 
a Metonic cyde, the first of a solar cyde, and the first of an In- 
diction. Now, as we know the first years respeotivdy of each of 
these current cycles, it is only necessary to count each of the three 
back into past times until we find a year which is at once the first 
year of each of the three. That year will then be the first year 
of the current Julian period. 

This is precisely what Scaliger did. He took, for example, the 
first year of the then current Metonic cyde, and counting back 
from 19 years to 19 years, made a table of the first years of each 
cycle, expressed with reference to the Christian era. He then 
took in like manner the first year of the current Indiction, and by 
counting back from 15 years to 15 years, made a like table of the 
dates. He then took the first year of the current solar cycle, and 
made a similar table. In these tables he sought and found the year 
before Christ which was a first year of the Metonic cycle, a first 
year of the Indiction, and a first year of the solar cyde. This 
was the year 4713 B.C. 

He therefore fixed the commencement of the Julian period 
at the year 4713 B.C., or, to be still more precise, on the 
1st of January in that year, at the moment of mean noon for the 
meridian of Alexandria, that being the place at which the observa- 
tions of Ptolemy were made, and to which the tables of that 
oelebxated astronomer and observer were related. 
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49. Ideler, in his ^' Handbuoli der Mathematisolieii und Tedi- 
nischen Chronologie,'* in reference to this oonyention of Scaliger, 
says that by its employment light and order were for the first time 
let in upon the obscurity and confudon in which ancient history 
and chronology were involved. 

Since the year of the birth of Christ was then the 4713fJ& 
of the Julian period, the order of any later year of the 
Christian era in the Julian period will be found by adding 
4713 to the year. Thus, for example, the year 1855 is the 
1855 + 4713 = 6568th year of the current Julian period. 

To find the order of any year before Christ in the Julian period^ 
it will be only necessary to subtract the year from the order of 
the year 1 a.d. in the Julian period, that is, from 4714. Thus, 
knowing that the date of the invention of the Metonic cycle was 
432 B.C., its date in the current Julian period was 

4714 — 432 = 4282. 

50. The Calendar, properly so called, is constructed differently 
in difierent almanacks. In most, if not all, it gives for each 
day the times at which the sun and moon rise and set, and the 
time at which the latter passes the meridian ; the moon's age, 
and the sun's declination. We shall briefly notice each of these 
useful indications. 

51. The hours at which the heavenly bodies rise and set npon 
the same day at difierent places are different. This arises either 
from the different places being at different distances from the pole 
of the earth — that is, having different latitudes, or being on 
different meridians of the earth, that is, having different longi- 
tudes. In either case the heavens, as seen from them, being 
viewed from different stations, will be seen under different 
aspects. Celestial objects, which will be invisible from one place, 
will be visible from the other. The heavens may be considered 
as a panorama, and the earth as a vast circular gallery or series 
of galleries in its centre, to which a slow motion of revolution is 
imparted, so as to exhibit to every spectator every part of the 
great canvas of the heavens in succession. The parts of the 
heavens seen by spectators, differently situated in these central 
galleries, will obviously be different. An object which will be 
just coming into the view of some, — ^thatis, rising, — ^will be in full 

• front of others, — that is, on their meridian,— and will be disappear- 
ing from others, that is setting. Spectators placed in the upper 
gaJlehes, that is, in northern latitudes, will look down upon 
objects to which spectators in the lower galleries, that is, in 
southern latitudes, will look up, and which spectators in the 
middle galleries, that is, between the tropics, will see directly 
before them. ^ 
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• 

52. Now all these circumstanoes must be taken into aocount if 
we desire to predict by calculation the portion of the heavenly 

* panorama which will be presented to the view of spectators at any 
given place, at any given time, and the objects, whether they be 
sun, moon, or planets, which may happen to be upon that portion 
of the panorama. And this is precisely what astronomers do 
when they compute those tables of the rising and setting, and the 
meridional transits of these objects. Without going into th& 
technical details upon which such computations are based, it will 
be evident that if the position of a place upon the earth's surface 
be given, the aspect under which the heavens will be seen from 
that place, shifting from hour to hour, can be ascertained before- 
hand, and the positions in which all objects upon it will be seen 
at any given hour, minute, and second, or the hour, minute, and 
second at which they will have any proposed position on the 
visible hemisphere, can be certainly and exactly predicted. 

These, then, speaking generally, are the principles upon which 
the numbers given in those columns of the calendar to which we 
have just referred have been computed. 

53. We see this vast spectacle, however, not immediately, but 
by the intervention of a medium which produces upon it certain 
optical effects. Our station is at the bottom of an ocean of trans- 
parent fluid, about fifty miles deep. This fluid is called the 
atmosphere, and it is by looking upwards through it that we see^ 
the heavens. Such a medium, however dear and translucent it 
ii^y be, has always a certain distorting effect upon the objects seen 
beyond it. It is as though we saw the heavens through a thick 
sheet of glass, the external part of which is convex, and the 
internal concave. The celestial objects are by this, therefore, 
more or less distorted in form, and disturbed in their position in 
Nation to the horizon. It is true that owing to the air being a 
very Hght and attenuated fluid, and especially so at great heights, 
this distortion and derangement are so inconsiderable, that except 
^ particular cases they can only be perceived by astronomical 
observers, and by them only with the aid of good instruments, by 

N which very small differences of direction and position can be 
^ascertained. 

Nevertheless, there are cases in whicli this curious atmospheric- 
^uence is palpable to the sight. Every one who has observed 
the fiery orb of the sun, or that of the full moon just before 
setting or soon after rising, when they are seen through a thick 
^Jiass of air at low altitudes, will have noticed that they do not 
appear round as they ought to be, but oval, the longer diameter 
of the oval being horizontal. Now this is a distortion of their 
form produced by the mass of air through which they are seen. 
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54. AnotlieT effect of transparent media, and the air among the 
rest, is to change the apparent direction of objects seen through 
them. Every one can verify this by looking at distant objects 
through pieces of glass haviag curved or angular surfaces. They 
are never seen in their true directions. 

The effect produced by the air is to make all objects appear at 
greater altitudes than they really have, or than tiiose at which 
they would be seen if the air had not been interposed. The effect 
of this is greater at low than at high altitudes. When an object 
is very near the horizon, which it is just before it sets or just 
after it rises, its apparent altitude is greater than its true alti- 
tude by something more than half a degree : now half a degree 
is eqiul to the apparent diameter of the sun or moon. 

K an object, therefore, were in such a position, that without 
the interposition of the atmosphere it woidd be seen exactly on 
the horizon, as when it rises or sets, the atmosphere would cause 
it to appear at more than half a degree above the horizon. 

In the same manner, if an object were half a degree below the 
horizon, and therefore having already set or not yet risen, and 
being consequently invisible, it would by the effect of the 
atmosphere be seen above the horizon, and would therefore be 
visible. 

It is evident, therefore, that the atmosphere makes all objects 
appear to rise sooner and to set later than they would rise or set if 
the atmosphere were absent; and consequently, in oidculating 
the rising and setting of the sun and moon, this must be taken 
into account. 

65, It may be asked whether it be really true, as would appear 
from what has been just explained, that the air enables us to see 
the sun before it has risen, and after it has set f There can be no 
doubt that such is the case, and that at the moment indicated in 
the almanack, as that of sunrise or sunset, the sun is really below 
the horizon and not upon it. These circumstances, which are not 
only interesting in themselves, but affect in a very considerable 
degree the calculations of the almanack, will be rendered more 
easily intelligible by reference to figs. 1 and 2. 

The horizon is represented by the line h o, the dark part being 
below, and the shaded part above it. The moment of sunset or 
sunrise is, properly speaking, that at which the centre of the 
sun's disc is seen upon the horizon h o, and, when consequently, 
the horizon would pass across the middle of the disc, one half of 
which would be above it, and therefore visible, and the other 
half below it, and therefore invisible, as shown at 8, fig. 1. 

The moment at which the centre of the sun would be seen at 

«9 fig- 1, in the absence of the atmosphere, is called the moment 
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of TBFE 8TTKKISE or STTK8ET, and for a long time this Tras the 
time of snnrise and sunset giyen in the almanacks. 

The moment at which the centre of the sun's disc, seen as it 
is through the atmosphere, is at s, fig. 1, is called the moment of 
APPABENT SUNBISE or SXTNSET, and is the tinle now given in the 
almanacks. 

56. As we hare already stated, the apparent altitude of objects 
on or very near the horizon is greater than their true altitude by 
more than half a degree. But the apparent diameter of the sun 
being itself about half a degree, it follows that the sun is elevated 
by l^e optical effect of the air to an altitude greater than its 
real altitude by more than its own apparent diameter. 

If then we take a point s', at a height above s, fig. 1, equal to 
that by which the atmosphere augments the apparent altitude, 
this height, s' s, will be greater than the apparent diameter of 
the sun, and when the real centre of the sun's disc is at s, it will 
appear to be at s', and the disc of the sun, instead of being seen 
at 8, the horizon dividing it into two equal parts, will, in fact, 
be seen at s', not only quite clear of the horizon, but with its 
lowest part more than a quarter of a degree above the horizon. 

Let us take another case which is still more curious. Let the 
true position of the sun's disc, that is, the position it would have 
if there were no atmosphere, be that shown at s, in ^, 2, being 
that which it has the moment before it begins to rise, or the 
moment after it has completely set. Li this position the dise 
/just touches the horizon, and tlie depression of the centre of the 
disc below the horizon is a quarter of a degree. Now what is the 
effect of the atmosphere P — ^to make the centre of the disc 
appear to be more than half a degree higher, and consequently 
more than a quarter of a degree above the horizon. The disoy 
therefore, which is really altogether below the horizon, is in this 
case seen in fact altogether above it as shown at s', fig. .2. 

57. The terms sitkbibb and sunset are oommxmLj used, as 
indeed most other terms are, in a loose and vague sense. The 
sun may be said to be in the act of rising from the moment at 
which the highest point of its disc begins to be seen until its lowest 
point just touches the horizon ; thi^ is, from the moment it has 
the positioa s, fig. 3, until it has attained the position 8'. 
In the same manner it may be said to be in the act of setting 
from the moment it has the position 9% until it has sunk to the 
position 8. 

But in order to give a definite aignifioation to the teims 8tnr« 
SI8B and 8UK8XTy it has been a^^eed to apply tiiem to^ the 
moment at which the oentre of the son's disa is on the horison, 
as it is shown at 8, fig. 1. Thus the oonYentional moment of 
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flimrise and toiuet is intermediate between the actual beginning 
and end of the son's appearance or disappearance. 

All the observations which have been here made respecting the 
rising and setting of the sun are equally applicable to the rising 
and setting of the moon, the apparent diameter of which is equal 
to that of the sun. 

The interval between the moment at which the sun or moon 
begins to rise or set, and that at which it has completely risen 
or set, varies in different places and at different seasons, but is 
generally something more than two minutes. 

58. The optical property of the air, by which the effects above 
described axe produced, is called refraction; and the displace- 
ment which is produced in the position of an object is called its 
refraction. 

The refraction is greater or less according as the altitude is 
greater or less, and disappears altogether when the object is in the 
zenith, that is, when it is directly above our heads. 

The effect, therefore, of refraction is to make the sun rise earlier 
and set later than it would if no atmosphere existed. The days 
are thus at all seasons rendered longer, and the nights shorter, 
than they would be if the earth were not surrounded l)y an 
atmosphere ; and as the effect^ of refraction retards the setting 
and accelerates the rising by about two minutes, it increases the 
length of the day, and decreases that of the night by about four 
minutes ; this, however, is sulject to variation depending on the 
latitude of the place and the season of the year. 

59. The equinoxes, as commonly understood, are those days 
in March and September on which the intervals of light and 
darkness are equal, the sun rising and setting at 6 o'clock. 

. Now any one may convince himself by reference to the 
columns of sunrise and sunset in an almanack that no such days 
ever exist. 

Yet the very name of equinox is taken from the supposition of 
equal day and night. How then is the eqiunox to be understood, 
and from whence has it derived its name P 

It may perhaps be supposed that although there be no case of 
day and night absolutely equal, the equinoxes may be those 
days in March, and September in which the day and night are 
least unequal. 

But if the columns of sunrise and sunset be examined in any 
almanack, it will be found that the day upon which the intervals 
of light and darkness are least unequal, precedes the day of the 
equinox in March and follows it in September, by one or two days. 

This is so contrary to the commonly received notions that tiie 
point will require some explanation. 
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The Sim's disc makes a oirouit of the heavens in a year. Its 
position from Man^ to September is such as to render the days 
longer, and from September to Mardi each as to render them 
shorter than the nights. 

At a certain moment on some day in each of these months, the 
sun's disc has such a position that if it were to remain stationary 
in that position, and if there were no atmosphere, sunrise and 
sunset would take place exactly at 6 o'clock, a. v. and p.m., and 
consequently the days and nights would be precisely equal, each 
being twelye hours. 

The moment at which the sun's disc has this position, is that of 
the equinox. 

60. Before the equinox in March, the position of the sun has a 
tendency to render the nights longer, and after it to render them 
shorter than the days. 

Before the equinox in September, its position has a tendency 
to render the days longer, and after it shorter than the nights. 

If on the day of the March equinox, the equinox take place 
•exactly at noon, the sun will have a tendency for the preceding 
twelve hours to render the night longer, and, for the succeeding 
twelve hours, shorter than the day. In that case, these effecto 
will compensate each other, and if there were no atmosphere the 
day and night would be equal. But in this case sunrise and sun- 
set would take place not at six o'clock, but a little later. The 
tendency o( the sun for the twelve hours before noon being to 
render tibe nights longer than the days, the sun would not rise till 
after six, and its tendency during &e twelve hours of the noon 
being to render the day longer than the night, the sun would 
not set untQ after six. 

If the equinox of March take place in the forenoon, the tendency 
of the sun in the interval since the preceding midnight being to 
render the nights longer than the days, and its tendency in the 
longer interval until tiie next midnight being to render tiie days 
longer than the nights, the latter tendency will prevail, and the 
day would be longer than the night. 

If the equinox of March take place in the afternoon, the con- 
trary effects will ensue for like reasons, and the night would be 
longer than the day. 

Similar observations will be applicable to the equinox of 
September, but with opposite results. If the equinox take place 
in the forenoon, the night will be longer than the day, and if in 
the afternoon, the day will be longer than the night. 

It must not be forgotten, however, that these conclusions are 
such as would foUow only on the supposition that the effect of the 
atmosphere is excluded. 
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Thus it mil be seen that, pntting aside the consideration of 
atmospheric refraction, day and night could neyer he precisely 
equal, except in the rare case in which the equinox takes place 
at the moment of noon. 

61. Let ns now consider how these phenomena are modified by 
atmospheric refraction, which, as has been shown, increases the 
length of the day and decreases that of the night ; and it mnst be 
obseryedthat their effect is much more considerable than any 
which can arise from the moment of the equinox occurring either 
in the forenoon or the afternoon. 

On the day of the March equinox, whether day and night be 
equal or unequal so far as depends on the position of the sun, the 
effect of refraction will be to cause the length of the day to 
be greater than that of the night, since its effect greatly pre- 
dominates oyer any which the sun's change of position could 
produce. 

On the preceding days, refraction has the same tendency, but 
then the tendency of the sun's position to render the night longer 
than the day is more considerable, and will be such as to balance 
or predominate oyer the effect of refraction either one or two 
days before the equiaox. The consequence is, that the day upon 
which the interyals of light and darkness are either exactly equal 
or least unequal, will be either one or two days before the day of 
the equinox. 

It may be shown precisely in the same manner that the day in 
September on which the interyals of light and darkness are either 
exactly equal or least unequal, will be one or two days after the 
equinox. 

These obseryations may be easily yeriffed by reference to the 
oolimms of sunrise and sunset in any almanack. Take for 
example that of 1854. 

The March equinox took place at 20 minutes past 10 in tiie 
eyening of the 20th. The day on which the interyals of light and 
darkness were least unequal was the 19th, upon which the sun 
rose at 8 minutes past 6, and set at 9 minutes past 6. 

The September equinox took place at 13 minutes past 9 on the 
morning of the 23rd. The day and night were exactly equal on 
the 25th, when the sun rose at 51 minutes past 5, and set at 
51 minutes past 5. 

Li these obseryations we haye quoted the almanack as calculated 
for London, but similar consequences may be deduced from those 
computed for ^ther places. 
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the end, that is, sunrise, midday or noon, and sunset. The first 
and last of these having been fully explained, it remains to offer 
some observations on the second. 

The hour of noon, or midday as commonly understood, is that 
at which a correctly regulated clock strikes twelve, or the moment 
at which the centre of the sun's disc passes the meridian, or the 
moment which divides the interval between sunrise and sunset inta 
two equal parts. When these conditions come to be closely 
examined, however, they are found to be inconsistent on& 
with another, the times which they severally express being in 
fact dijSerent. 

63. It has been already explained in our Tract on "Time,"^ 
that the moment at which the centre of the sun's disc passes the 
meridian is not that at which a correctly going clock strikes 12. 
The former is apparent, and the latter mean or civil noon. It is to 
the latter that the term noon or midday is commonly applied, and 
to which we shall here exclusively apply it. 

Since, therefore, the moment at which the centre of the sun's- 
disc each day passes the meridian is not the moment of noon, nor 
any fixed and invariable time either before or after noon, it is as 
necessary that the almanack should indicate from day to day what 
this time is, as that it should show the times of sunrise and sunset. 
In all good almanacks, a column is therefore appropriated to this, 
placed as it ought naturally to be between those which indicate 
sunrise and sunset. This column is variously headed, *^ equation 
of time," or ** sun fast," or ** sun slow," or "clock before sun," 
or "clock after sun," as the case may be. Whatever be thfr 
words at the head of the column, the numbers which are consigned 
to it are the number of minutes and seconds before or after 
twelve by the clock (supposed of course to be perfectly correct and 
to show civil or mean time .*) at which the centre of ih.e sun's disc- 
passes the meridian. 

This meridional transit of the sun's centre may vary from the 
hour of noon to the extent of more than sixteen minutes one way 
or the other. 

If the almanack for 1854 be referred to, it will be seen that the 
meridional transit of the sun's centre took place in that year-^ 

From 1st J^n. to 15th April . . .in the afternoon. 

ff 16th April to 14th June . . . in the forenoon. 
,, 15th June to Slat Aug. . . in the afternoon. 

,f 1st Sept. to 25th Dec. . . . in the forenoon. 
,, 25th Dec. to 31st Dec. . . . in the afternoon. 

The meridional transit of the sun's centre took place at the^ 

♦ See Tract on " Time " (36). 
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moment of noon on 15th April, 14th Jnne, 31st August, and 
25th December, and this takes place erery year on the same days, 
or nearly so. 

Noon does not divide the interval between sunset and sunrise 
into equal parts, but the moment of the meridional transit of the 
sun's centre does so very nearly. Now, since this may vary to 
the extent of 16 minutes and 18 seconds from noon, it follows that 
the parts into which the day is divided by noon may differ in 
length to the extent of 32 minutes and 36 seconds. 

64. In all almanacks a column is appropriated to the sun's decli-* 
nation. It is therefore necessary to elucidate this technical term. 

On the days of the equinoxes the sun, at the moment of its 
meridional transit, has a certain altitude. But for the ejSect of 
atmospheric refraction, this altitude, subtracted from ninety 
degrees, would leave a remainder which would be exactly equal 
to the latitude of the place. Since astronomers have computed 
and published tables which show the refraction correspondmg to 
each altitude, the refraction can be found in these tables, and 
being subtracted from the observed altitude of the sim, will leave 
a remainder which is its true altitude. 

If the altitude of the sun after the March equinox be observed 
daily at the moment of its meridional transit, it will be found to 
exceed that which it had on the day of the equinox by a constantly 
increasing quantity. This excess, after the effects of refraction 
have been allowed for in the manner just explained, is called the 
sun's DECLiiirATiON, the sun being said to decline or fall from 
the position it had in passing the meridian at the equinox ; and 
since, in this case, it declines from that position towards the visible 
celestial pole — that is, towards the north — ^it is said to have 

NOBIHESN DECLINATION. 

The meridional altitude will be found to increase continually 
until the Jime solstice, when it will exceed the altitude at the 
equinox by 23 degrees and 28 minutes. The meridional altitude 
of the sun having then attained its limit, begins to decrease, and 
with it, of course, decreases the declination, until at length, at 
the time of the September equinox, it becomes nothing, the meri- 
dional altitude being again what it was at the March equinox. 

Now, during all this interval, from March to September, the 
meridional altitude of the sun is greater than it is at the equinoxes, 
and the declination is consequently all the time northern. . 

But if the same course of observation be continued, it will be 
found that after the September equinox the meridional altitude 
will become less, and will be less and less from day to day. The 
sun .will then decline more and more to the south of its position 
at the equinoxes ; that is, it will have soxjihe&n declination, 
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and its meridional altitude will continually decrease, and conse- 
quently its southern declination will continually increase until 
title. December solstice, when it will be 23 degrees 28 minutes, 
just what it was at the June solstice, only that it is now that 
distance south of its meridional altitude at the equinoxes, whereas 
in June it was north of that altitude. 

After the December solstice the meridional altitude will gra- 
dually increase, and consequently the southern declination will 
gradually decrease until the Mardii equinox, when the declination 
will become nothing. 

All these periodical changes in the declination may be seen by 
referring to the column of the almanac appropriated to it. 

65. Now there are certain circumstances connected with these 
changes which require especial notice. 

It will be observed that the northern declination of the sun con- 
tinually increasing after the March equinox tmtil the June solstice, 
then ceases to increase, begins to decrease, and continues to de- 
crease until it becomes nothing at the September equinox. The 
sun, therefore, continually moves from its position in March, and 
crosses the meridian at points more and more distant from that at 
which it crossed it in March, until at length at the June solstice 
it crosses it at a distance of 23 degrees 28 minutes from the point 
where it crossed it in March. After that the point where it 
crosses the meridian begins to go back towards the point where 
it crossed in March, and continues to go back until it returns at 
the September equinox, to the point where it crossed in March. 

The same observations will be applicable to the points where it 
crosses the meridian from September to March, these points 
gradually receding southwards until the December solstice, and 
then returning back and resuming their position in March. 

This will be more clearly understood by reference to fig. 4, 
where s n represents the horizon, s being the south, n the north, 
o the observer ; s z n the celestial meridian, £ the point where 
the sun passes it at noon on the day of the equinox. Let us 
suppose that the equinoxes fall on the 21st March and 23rd 
September, and the solstices on the 21st June and 22nd December. 
After the 21st March the sun passes the meridian at points farther 
and farther above £ until the 21st June, when it passes at T. 
After the 21st June it passes at points nearer and nearer to £ until, 
on the 23rd September, it passes at £. After the 23rd September 
it passes below £ lower and lower until, on the 22nd December, it 
passes at T'. After the 22nd December it passes at points higher 
and higher until the 21st March, when it passes at £. 

The points T and f at which the sun attains its greatest 
distance from £, and at which, after having departed from s, it 
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begins to return t« B, are called the tbopics from a, Greek word 
Tpni (trop^), whidi signifies a return. 

66. It is observed that when Qa sun arrivea at these points 
T and f, it pauses for some dnya without changing in any con- 
siderable degree its distanceiromi:, and under these circumstances 
the hours of rising and Betting continue to be sensibly the same. 
If, for example, the almanack be examined, it will be found that 
from the 10th to the 24th June the hour of sunrise does not 




change by more thiin two minutea, and that from the 13th to tie 
21st inclusive it does not change at all. In the same manner the 
hotir of sunset remains the same &om the 19th to the 22nd 
incluaive, and does not vary more tlian two minutes from the 
17th to the 28th indusire. 

The seme circnmstanoes will be found to attend Hm sun when 
it passes the meridian at or in December. 

Owing to this stationary position of the sun, and the consequent 
unchanging length of the days, these epochs are called the sol- 
stices, from a Latin word sOLSiiTrTTM, which denotes the standing 
ttill of thf tun. 

The June solstice is called the sitkiceb solstice, and the 
December sobtioe the inNTEB solstice. 

They are respeetiTcly the days on which the snn attains the 
greatest and least meridian altitude which in the place for which 
the almanack is calculated it can attain, since it never can rise 
higher than t, or descend lower than T when on the meridian. 

The days of the solsticei are also respectiTely the longest and 
tbe shortest days of the year. 
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67. In almanacks generally the 3rd July and the 11th August 
are indicated as the first and last of the bog days. This com- 
prises an interyal of 40 days, which is generally the hottest part 
of the summer. 

In the time of the ancient astronomers of Egypt and Greece, 
the position of the equinoctial points and the tropics which deter- 
mine the limits of the seasons was different from what it is at 
present, and was such, that a remarkable star called Sirius, in 
the constellation called cakis ha job or the " great dog," rose in 
the mornings immediately before the sun during the month of 
July, of which it was considered the harbinger, and whose calorific 
power was imagined to be increased by its influence. The idea 
that this star, the Dogstar as it was called, exercised such an 
influence, was no doubt countenanced by its extraordinary splen- 
dour, being by far the most brilliant of the stars visible in the 
northern hemisphere. The days, therefore, during which this 
star ushered in the sun, and led, as it were, his way through the 
heavens, were called caniculab days or dog days. 

The prevalence of canine madness at this season may also have 
had something to do with the name of dog days, or even with the 
name of the constellation to which the star in question belongs. 

68. It might naturally be supposed that the days on which the 
sun rises highest and remains longest above the horizon ought to 
be the hottest, and that consequently the hottest interval of forty 
days should be the forty disiys which comprise twenty before and 
twenty after the summer solstice — that is, from the 2nd June to 
the 10th July. But this is just a month earlier than the interval 
which is found by observation and experience to be on an average 
of years the hottest part of the season. How then, it will be 
asked, can this be explained P 

That the calorific effect of the sun is greatest on the day of the 
solstice is undoubtedly true ; but it is easy to show that the day 
on which the sun imparts most heat is not the hottest day. 

To explain this, so far as it depends on the position of the sun 
and the length of the days and nights, we are to consider the 
following circumstances : — 

As midsummer approaches, the gradual increase of the tempe- 
rature of the weather has been explained thus : The days being 
considerably longer than the nights, the quantity of heat imparted 
by the sun during the day is greater than the quantity lost 
during the night ; and the entire result during the twenty-four 
hours gives an increase of heat. As this augmentation takes place 
after each successive day and night, the general temperature con- 
tinues to increase. On the 21st of June, when the day is longest, 
and the night is shortest, and the sun rises highest, tlus augmen- 
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tation reaches its maximum ; but tihe temperature of the weather 
does not therefore cease to increase. After the 21st of June, there 
continues to be still a daily augmentation of heat^ for the sun still 
continues to impart more heat during the day than is lost during 
the night. The temperature of the weather will therefore only 
cease to increase when, by the diminished length of the day, the 
increased length of the night, and the diminished meridional 
altitude of the sun, the heat imparted during the day is just 
balanced by the heat lost during the night. There will be, then, 
no farther increase of temperature, and the heat of the weather 
will hare attained its maximum. 

But it might occur to a superficial obseryer, that this reasoning 
would lead to the conclusion that the weather would continue to 
increase in its temperature^ until tbe length of the days would 
become equal to the length of the nights ; and such woidd be the 
case, if the loss of heat per hour during the night were equal to 
the gain of heat per hour during the day. But such is not the 
case ; the loss is more rapid than the gain, and the consequence is, 
that the hottest day usually comes within the month of July, but 
always long before the day of the autumnal equinox. 

The same reasoning will explain why the coldest weather does 
not usually occur on the 21st of December, when the day is 
shortest and the night longest, and when the sun attains the 
lowest meridional altitude. The decrease of the temperature 
of the weather depends upon the loss of heat duriiig the night 
being greater than the gain during the day ; and until, by the 
increased length of the day and the diminished length of the 
night, these effects are balanced, the coldest weather will not be 
attained. 

These observations must be understood as applying only so far 
as the temperature of the weather is affected by the sun, and by 
the length of the days and nights. There are a variety of other 
local and geographical causes which interfere with these effects, 
and vary them at different times and places. 

69. Since the sun moves through one-half of the circumference 
of the heavens between the 20th of March and the 23rd of Sep- 
tember, and through the other half between the 23rd of September 
and the 20th of March, in each half-year moving over 180* 
of the ecliptic (the name given to the apparent course of the 
sun over the firmament], it might be inferred that these two 
intervals must necessarily be equal. But if we take account of 
the days included in them respectively, we shall find that such is 
not the case. 

The numbers of days in the two intervals in 1854, for example, 
were: — 
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It appean, therefore, that the ( 
nine days. 

Now, sinoa in each interval the am 
of the heaTens, i. e. 180°, it followa, that its n 
the winter half-year mast be faster than during the ai 
year, in. the proportion of 1ST to 179. 

To explain thia fact, it will be necesBary to refer to the motion 
of the earth round the aun, which b the cauae producing the 
apparent annual motion of the buh round ^e heavens. 

The orbit or path which the earth foUowa in its coarse ronnd 
the sun is not circular, but slightly oval. It may be snpposed to 
be represented by P^ o p', c, fig. 5, 8 being the place of the sun 
nearer to one end, P,, of the oval than to the other end, P",. The 
pio s speed with which the 

earth would move if its 
path were a circle, with 
the san in the centre, 
would be uniform ; but 
in the oral, its distance 
from the sun Taiying, 
its speed -will also vary, 
being greater at less, and 
less at greater diatanoes. 
Thus, its speed at P,, 
where it b nearest t^ 
sun, is greatest, and at 
p',, where it is most 
remote from the aim, 
least. The apecd decreases continually while the earth moves 
from F, to P',, and increasea continually while it moves frtnn 
p', to p,. If the oval be divided into equal parts by the line 
p, 8 P*,, the times of moving through each half of it will be 
equal ; and if it had bo happened that the earth shonld be at 
these two points, p, and p',, en the days of tlie equinoxes, then 
the summer and winter half-years would be exactly oqnaL 
But sneh b not the case. The earth, on the oontraiy, in 
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1854, -was at the points c and o on the 20th of March and 
the 23rd of Beptember, so that it moved from c through 
to c, between the 20th of March and the 23rd of September, 
and from o through c to o, between the 23rd of September and 
the 20th of March. Now, not only is the latter segment of the 
oval shorter than the former, bnt the motion of the earth while 
passing over it is more rapid. On both accounts, therefore, th& 
time of moving from o to c is less than the time of moving from 
c to ; and, accordingly, we fmd that the interval from the 20th 
of March to the 23rd of September is nine dajrs longer than the 
interval from the 23rd of September to the 20th of March. 

It may here be observed in passing as a curious fact, that the 
earth is nearer the sun at the winter than at the summer solstice, 
and it might therefore be supposed that the temperature of the 
seasons ought to be reversed. But the effect of this difference of 
distance is incomparably smaller than the effect due to the greater 
length of the day and the greater altitude of the sun, and these 
latter consequently predominate. 

70. The sun moving in a year round the entire ecliptic, and 
therefore passing over 360°, moves over 30° per month. The 
ecliptic being conceived therefore to be divided into twelve equal 
parts of 30", each of these parts is caUed a Sioir. 

A certain zone of the heavens, extending to about 9" at each 
side of the ecliptic, is called the Zodiac. 

The zodiac, like the ecliptic, which runs along its middle, is 
conceived to be divided into twelve equal parts, called The 8mv9 
OP THE Zodiac. 

The signs are supposed to begin at the point through which the 
sun passes at the March equinox, and to follow the course of the 
8un, so that the last in order of the signs is that through which 
the sun passes in the thirty days which precede the March 
equinox. 

71. In ancient times the successive divisions of the zodiao 
which have been called signs, were occupied by certain conspicuous 
constellations or groups of stars, and each sign took its name from 
the constellation of which it was thus the place. It was and still 
is the custom to give names to constellations taken^ from animals, 
or mythological and historical personages. They have been 
generally called by their Latin names, which are given in thcf 
first column of the following table ; the English names are given 
in the second, the symbol by which they are indicated in 
almanacks and calendars in the third. The days of the civil 
year upon which the sun enters the successive signs vary with the 
variation of the day of the equinox, the cause of which has been 
already explained. In the fourth column of the annexed table,. 
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the days on which the snn enters them severally when the equinox 
ialls on the 2l8t'of March, are given. 



Aries . . 


Bam. . . 


<r 


21st March. 


Tanms . 


Bull 


8 


20th AprU. 


Oemini . . 


Twins . . 


n 


21st May. 


Cancer . 


Crab . 


25 


22nd June. 


Leo . . . 


Lion . . . 


T? 


23rd July. 


Virgo . 


Virj^ . 


nR 


2drd August. 


Libra . . 


Balance . . 


^ 


23rd September. 


Scorpio . . 


Scorpion 


m 


24th October. 


Sagittarius . 


Archer . . 


s 


22nd November. 


Caprioomus . 


Goat . 


yp 


22nd December. 


Aquarius 


Waterman 




20th January. 


Pisces . • 


Fishes . 


K 


19th February. 











72. It appears therefore that the day of the spring equinox 
the son enters Aries, that of the summer solstice, Cancer, that of 
the autumn equinox, libra, and that of the winter solstice, 
•Capricorn. 

The points through which the sun passes at the solstices have 
therefore been called the Tbopic of Canceb and the Tsopic of 
Ca-PEICOEN respectively. 

73. It has been shown in our Tract on " Time," that the equi- 
noctial points, and consequently all the signs of the zodiac, have a 
slow backward motion on the firmament at the rate of a degree in 
72 years. They would therefore move back through 30'', or an 
•entire sign, in 2160 years. Now it is known that in the time of 
.an illustrious astronomer, Hipparchus, who flourished in Rhodes 
■and Alexandria about 150 years before Christ, that is above 2000 
years ago, the vernal equinoctial point was in the constellation of 
Aries, from which the first sign of the zodiac took its name, and 
-consequently that all the other zodiacal constellations were at the 
«aine epoch in their proper signs. But in the interval of 2000 
jrears, the equinoctial points having, as above stated, moved back- 
wards through about 30'', they have severally retired from their 
proper constellations, which are now consequently that distance 
before them ; so that the second sign of the zodiac is occupied by 
the constellation Abies, which gave its name to the Fibst sign, 
the third by the constellation Taubits, which gave its name to the 
Second sign, and so on. 
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Although the twelve divisions of the zodiac haye thns deserted 
their proper constellations, they have nerertheless retained their 
names. It is therefore very necessary to know that there is a 
great difference between the Sign Abies and the Constellation 
Abies. The former merely signifies the first 30^ of the ecliptic or 
of the zodiac, counting from the place of the sun on the 21st of 
March. The other signifies a certain group of stars, through 
which at present the sun passes in the month of February ; and 
a like observation will be applicable to the two senses attached to 
Taurus, Gemini, and the other zodiacal names. 

74. The name Zodiac is derived from the Greek word (Mo» 
{Zodion)y a little animal, the fancied figures of the constellations 
being generally animals. 

75. The circle of the heavens called the Ecliptic, along which 
the sun holds its annual course, lies along the middle of the 
celestial zone of the zodiac, and within this zone the planets are 
generally confined. Most of them never depart from tiie path of 
the sun, even so &r as the extreme limits of the zodiac. There 
are, however, a few of the smaller planets, called planetoids or 
asteroids, discovered by the labours of modern observers, which do 
depart beyond the limits of the zodiac to the extent of many 
degrees, and which are hence often called ultra-zodiacal planets. 

The Ecliptic derives its name from the fact that eclipses, 
whether of the sun or moon, can never take place except when 
the moon is in or very near to the ecliptic. The moon, however, 
like the planets, never departs beyond the limits of the zodiac, 
her distance from the ecliptic never exceeding five degrees, that 
is about ten times her own apparent diameter. 

76. The apparent daily and yearly motions of the sun on the 
heavens are not at all the only celestial phenomena which are 
foretold in the almanacks. The diurnal motions, such as the rising, 
southing, and setting, and the monthly changes, of the moon, to say 
nothing of eclipses and other phenomena, is one of the chief 
purposes of the almanack to describe with the most minute 
precision, a precision which never fails to correspond with the 
phenomena when they take place. 

But, besides the moon, all good almanacks give the positions in 
which the more conspicuous of the planets are presented, so as to 
become objects of easy and common observation. Thus, by the 
aid of an almanack, any person properly informed of the import of 
the terms in which the appearances and motions are described, 
can easily identify them when they present themselves. 

The better class of almanacks also indicate the position in 
which, at each season of the year, the more remarkable con- 
stellations are seen during the night 
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77. To profit by the mass of interestmg and tiseful information 
thus suppHed, it is not at all necessary to be a practical astronomer, 
bat it %8 necessary to understand the meaning of a few astro* 
nomical terms, which fortunately admit of yery easy and simpU 
explanation. 

The heavens are as thickly strewed with stars by day as by 
night, but they are rendered invisible by the overpowering 
splendour of the sun. It is only in the absence of that luminary, 
therefore, that such objects can be seen. One of the most 
interesting classes of predictions given in the almanacks are those 
which indicate the positions of the most remarkable celestial 
objects relatively to that of the sun, from time to time, through 
the year. 

78. When an object is so placed that it is on the meridian at 
noon, it is said to be in conjunction. It is then in the same 
quarter of the heavens with the sun, and rises and sets either 
exactly with or very little before or after the sun. Such an 
object, consequently, can never be visible, at least not with the 
ncJced eye, for in some cases it may be seen by the aid of a telescope. 

79. When an object is so placed that it is on the meridian at 
midnight, it is said to be in opposition, for it is then in the 
quarter of the heavens directly opposed to the sun. It rises either 
exactly at or very little before or after sunset, and sets either 
exactly at or very little before or after sunrise. Such a position 
is therefore the most favourable one an dbject can have for being 
observed, since it is above the horizon during the night, and below 
it during the day. 

80. When an object is separated from the sun by a quarter of 
the entire circuit of the heavens, it is said to be in axJADBATUBE. 
If in that case it be to the East of the sun, it follows the sun, and 
wUl arrive at the meridian six hours later than the sun, that is, 
at 6 P.H. If it be to the West of the sun, it will precede the sun, 
and will pass the meridian six hours before tiie sun, that is 
at 6 A.H. 

81. An object which is in east quadrature will therefore rise at 
or a little before or after noon, and will be on the meridian at or 
a little before or after sunset. Buch an object, therefore, will be 
visible towards the west from sunset to midnight, at or near which 
it will set. 

An object which is in west quadrature will, in like manner, rise 
at or a little before or after midnight, and will be on or near the 
meridian at sunrise. Such an object will therefore be seen towards 
the east from midnight to sunrise. 

Thus, for example, when Venus, the most splendid of the planets, 
is removed from the sun towards the east, it is seen towards the 
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west after snnset and oontimies to he visible until its own setting. 
It a then called the Eteniuq Sris. When it is removed to the 
west of the son, it ia seen tawards the east befare sunrise, and 
continues to be visible until it is lost in the blaze of the snn after 
Bunrise. It is then called the Mobninq Stab. 

Venus as a morning star was called b^ the ancients Lucifbr 
(&om the Latin wotHs/erre lucem, to hring light), the Harbinger 
of Day. As an evening star it was called Egsfbaub. 

82. The preceding paragraphs will be more clearly onderstood 
by reference to Sg 6. Let the obserrer be supposed to stand at c, 
with his face to the south. All objects in the heavens will then 




rise npon his left, B, and after ascending to the meridian, o, and 
descending &om it, will set upon his right, s. They will pass 
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bdowthe horizon, crossmg the inyisible half of the meridian at o\ 
and retaining to b again to rise. 

Thns, if we suppose the sun at o, which is its place at noon, an 
object in opposition will be at o', and will therefore be inyisible. 
At sunrise, the sun being at B, an object in opposition wOl be 
at or near s, and will therefore be setting; and at sunset, an 
object in opposition will be at or near B, and will therefore be 
rising. Between sunset and sunrise, the sun passing oyer s o' b, 
an object in opposition will pass over bos and will be at o at 
midnight, and will be visible in the heayens during the entire 
night. 

An object in eastern quadrature wiU be at b when the sun is at 
0, at o when the sun is at s, at s when the sun is at o', and at c 
when the sun is at B ; so that from simset to midnight it is yisible 
in the west. 

An object in western quadrature is at o when the sun is at b, 
at s when the sun is at o, at o' when the sun is at s, and at b 
when the sun is at o' ; so that from midnight to sunrise it is 
yisible in the east. 

83. It has been already shown (Museum, yol. iii. pp. 36, 37), 
that when the moon is in conjunction, being between the sun and 
the earth, and its enlightened hemisphere being presented to the 
sun, its dark side is turned towards the earth, so that even though 
it were fayourably situated, it could not be seen. But from what 
has been just explained respecting an object in conjunction, it 
rises and sets with the sun, and therefore could not serve the 
purpose of illuminating the night even were it yisible. The moon 
moves round the heavens from west to east at the rate of about 
13° per day, while the sun moves in the same direction at the 
rate of about V per day. Therefore the moon advances eastward, 
departing from the sun at the rate of about 12° per day. On the 
8th day, or about a week after conjunction, therefore, the moon 
wiU be 90° eastward of the sun ; and, according to what was 
proved in vol. iii. pp. 36, 37, the moon will then be halved, the 
convex side of the semi-lune being presented westward towards 
the sun. Supposing as before, the observer to stand with his face 
to the south, the east will be on his left and the west on his right. 
In the case here supposed, therefore, the moon will appear halved 
as shown in £g. 7, at 90° east or to the left of the sun, and will 
follow the sun in its diurnal motion. The dark hemisphere of the 
moon indicated by the dotted semi-circle is turned eastward. 
The moon, therefore, in this case, moves with the straight edge of 
the semi-lune foremost. 

This phase is called in the Almanack the fibst auABXEB. 

After conjunction, and before the moon arrives at this phase of 
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the fint quarter, it appeuB as a csesceht, tlie oonrex side of the 
oreaoent being turned westward, imd towards the sun (fig. 6]. 




The creBoent morea with its coucaTe edge foremost. The unen- 
lightened part of the moon is indioated by the dotted line in the 
figure. 

In this phase the moon, not having yet arrived at the fint 
quarter, is leu than 90° eaat of the sun, and the less it is removed 

Kg. S. 




&om the Bnn, the thinner is the orescent ; and the more near it is 
to 90° from the sun, the more ueerlf does the orescent approximate 
to the half moon. 

The moon being thus removed more or less to the east of 
the sun, or, what is the same, the sou being to the weat of the 
moon, will set just before the moon ; and the more the moon ia 
removed from the aun, the longer will be the interval between 
sunset and moonset. After sunaet the moon will therefore, soon 
after oonjimotion, be seen as a thia cresoent in the western 
sky, and the farther it is removed eastward of the aon, Gie 
greater will be its altitude at sunset, the brooder will be the 
crescent, and the larger will be the interval between sunset and 
moonset. 

At length, vhen 7 days have elapsed, and the 8th day has oom- 
menoed &om the time of ooiyanotion, the moon having advanced 
t« 90^* eaatwerd of the sun, and being in quadrature, aa in fig. T, it 
will be on the meridian about sunset, and will not set until about 
midni^t. Between sunset and midnight it will be seen to descend 
from ^ meridian to tlte western horizon. 
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84. Between ihe Sth and tlie 15th da^ from tlie time of oon* 
jnnctioii, tlie moon, still advancing further and further eastward 
from the eon, vrill be seen eastirard of the meridi&n at the time of 
Bunset, and wiU then have the form represented in fig. 9, which is 
called the gibbouM form, the edge presented westmird and towards 
-the sun being semi-oircular, and that presented eastward and in 
the direction in which the moon is moving, being a semi-ellipse 

Fig.g. 




convex towards the east. This is, therefore, the form and 
appearance of the moon between the first quarter and the full 
moon, and the nearer it comes to the day of full moon — that is, 
to the fifteenth daj trora conjunction, the broader will he the 
gibbons disc, and the nearer will the outline approach to an 
exact circle. 




COMMON THINGS. 

THE ALMANAC. 

CHAPTEE IV. 

S5. Full moDD. — M. LaBtqnarter. — 87. Uoon'gage.^SS. R&teofmotiea 
■rerUble.— 89. CauBea thereof. — 90. " Maj moon," " March moon," 
be. — 91. ConftiBion ariBing from thig form of eipreswon. — 92. The 
epochs of chroDology. — 93. Amio Musdi. — 94. £ra of IfsboiuBnr. — 
05, Ths Hefpra. 

85. OiT the IStli day after conjunction, the moon haviii^ re- 
ceded from the sun at the rate of 12° per day, will have removed 
to 180°, that it), to the part of tlie heavens directly opposite to the 
place of the sun, and Tsill be full as shown in fig. 10. According 



W. 



to what ha« been explained, the full moon, being in this position, 
will rise abont the hour of sunset, will oulmiaate at midnight, and 
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will Mt at bbdHm. It i* a lemwlublo ob&raoter, therefore, of 
tius BTrangement tiiat the poution m vhieh the illnminating 
power of die mooa ii great^t is pieoiBely that in which it is 
presoxt in the visible part of the finooinent during the entire 
night. 

83. After having been full, the moon ttill moving round the 
firmament in tbe tame direction, begins to overtake the son, 
and is now at less than 180° to the west of the sim ; and aa it 
ddvanoes fa>m west to east, it approaehes tlie sim at the rate of 
12° per day; >o that on the 22nd day it is only 90° west of 
thesnn. 

Between the ISth and 22nd days from coDJunction, the dis- 
taaoeof the moon west of the sun is less than 180=, hut more 
than 90*, and according to what has been explained in vol. iii. 
pp. 36, 37, it is then gibbous, as shown in fig. 11, the semidroalar 



Fig. u. 




edge being tamed towards the aim, tiiat is, towards the east, end 
^ semi-elliptioal edge towards the west. The moon now moves 
with the etdightened edge foremost, contrary to what took place 
before it was fbU. The naenlighteuedpart, as before, is indicated 
in tiie fignre by tlie dotted line. 

Being more xhaa 90° to the west of the snn, the moon most 
now be on the west of the meridian at Honrise, and must therefbre 
have onlminated before sunrise. In this position, therefore, the 
moon is seen during the greater part of the night, and the early 
■morning. It is also faintly visible in the heavens after sunrise, 
and unto it sets, the sun's light not being sufficient to overpower 
it altogether. 

On the 22nd day, the moon is 90° west of the son, and is 
halved (fig. 2, vol. iii. pp. 36, 37). This is oalled in the almanack 
the I.AST ftUASTsn. !nie moon rises at midnight and culminates 
about sunrise. It is therefore visible between midnight and 
sunrise in the eastern q^uarter of the heavens. After sunrise it 
is still faintly viuble in the western quarter until it sets, which 
it does about the honr of noon. 

From the 22nd to the 30th day of the conjunotion the moon 
moves oonitontly nearer to the sun, being now a creeoent the 
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I side of whioh is turned toweiritB the west, and the 

Fig. 12. 




wavex. aide towards tte Bun, as shown in fig. 13, the moon sUlI 




moring with the conTez fdde of the crescent foremoat. The 
otesoent beoomes thinner and thinner as the moon approaches 
the ran. 

During this progressive change the moon being west of the snn, 
rises some time before it, and can be seen in the early morning, 
until it approaches so near the snn and until the crescent becomes 
so thin, that it is lost in the blaze of his aplendoar. The dark 
hemisphere is then presented to the earth, and the moon is 
in-visible (fig. 14). 




87. A colnmn of the almanaok is nsuiilly assigned to the " age 
of the moon." The sense in which this term is used, however, 
mnst not be confounded with that in which it is applied to the 
ecclesiastical moon in the roles for ascertaining the date of 
Easter. We are here dealing not with the fiotitiona but wit^ the 
real moon ; and the age in qneation ia the interval which elapses 
between the moment of the last conjunction, and the moment at 
which the age professes to be assigned. This interval is usually 
given for the noon of each day, and is expressed in days and 
tenths of a day, but with still greater precision for the principal 
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phases, that is for conjnnction, quadratures, and opposition, or as 
it is otiierwise and more commonly expressed — ^for the new moon, 
the first quarter, the full moon, and the last quarter. 

Thus, for example, when we &nd the moon's age on any proposed 
day given as 0*6, it is to be understood that at the civil or mean 
noon of that day, the time elapsed since the moment of conjunc- 
tion was six-tenths of a day or 14 hours and 24 minutes. Again, 
if the age set down were 17*2, it is meant that at the noon of the 
day proposed an interval of 17 days and two-tenths of a day, 
that is 17 days 4 hours and 48 minutes^ had elapsed since the 
moment of new moon. 

88. By comparing together the dates of the successive phases 
of the moon as given in the almanack in each lunar month, and 
hy comparing one with another the dates of the successive new 
moons, it will be found that the moon's motion during each lunar 
month is subject to considerable variation, and also that the length 
of the lunar month itself is very variable. 

To render this manifest it will only be necessary to take from 
the almanack the dates of the phases during a lunar month, and 
the dates of the new moons during a year, and to compare them 
together. 

Thus for example in the almanack for 1855 we find the follow- 
ing dates for the successive phases of the moon which was new on 
the 16th February. 

H. M. B. 

New Moon . . . February 16, at 6 47 30 p.m. 

First Quarter . . . Febi-uary 23, at 5 33 42 „ 

Full Moon .... March 3, at 10 8 „ 

Last Quarter . ... March 11, at 1 59 18 „ 

New Moon .... March 18, at 4 45 12 a.m. 

From which it follows that the intervals between the successive 
phases were — 

D H« If. 8. 

From New Moon to First Quarter • . . 6 22 46 12 

From First Quarter to Full Moon . .. 8 4 34 18 

From Full Moon to Last Quarter . . . 7 15 51 18 

From Last Quarter to New Moon . .. 6 14 45 54 



29 9 57 42 



Thus it appears that so far from the rate of the moon's apparent 

motion relatively to that of the sun being uniform through a 

lunar month, it is subject to so considerable a variation that while 

the first quarter is made in little more than 6 days 22| hours, the 

second is only completed in 8 days and 4^ hours. 

If we compare the lengths of the successive lunar months we 
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shall find a like yariatioxi. The following are the dates of twelve 
successiye lunar months in 1855, and their lengths severally are 
given in the second column : — 

1855. 



KEW 


Hooirs. 






INTERVALS 


• 






H. 


M. 


8. 


D. 


H. 


M. 


8. 


Jan; 18 • 




8 


37 


24 a.m. 










Feb. 16 . 


• . 


6 


47 


30 p.m. 


.29 


10 


10 


6 


MarclilS . 




4 


45 


12 a.m. 


. . 29 


9 


67 


42 


April 16 




3 


4 


30 p.m. 


. 29 


10 


19 


18 


May 16 . 




2 


13 


18 a.m. 


. . 29 


11 


8 


48 


June li , 




2 


28 


54 p.m. 


. 29 


12 


15 


36 


July 14 . 




4 


1 


a.m. 


. . 29 


13 


32 


6 


Aug. 12 




6 


52 


24 p.m. 


. 29 


14 


51 


24 


Sept. 11 . 




10 


51 


42 a.m. 


. . 29 


15 


59 


18 


Oct. 11 . 




3 


23 


42 a.m. 


. 29 


16 


32 





Nov. 9 




7 


81 


p.m. 


. . 29 


16 


7 


18 


Dec. 9 . 




10 


17 


48 a.m. . 


. 29 


14 


46 


48 



Thus it appears that these eleven lunar months vary in length 
from 29'* 9^ 67" 42' to 29^ !&" 32" 0', and if the comparison were 
carried further, a still greater variation would he found. 

$9. The causes of this great and apparently irregular variation 
in the motion of the moon are very numerous and complicated, ds 
may he imagined when it is stated, that in order to deduce the 
moon's true place in the heavens at any proposed time, from its 
place as resulting from its mean or average motion, it is necessary 
to apply from thirty to fprty corrections, each of which represents 
the effect of some disturhing force, tiie principal -of irhich, how- 
ever, are traceahle to the varying action of the sun upon the 
moon. 

90. It appears from the preceding tahle, that the day of new 
moon may fall indifferently upon any day of the calendar month. 
In common popular language, and more especially upon occasions 
on which certain influences are imputed (however erroneously) to 
the moon, that luminary is associated with the month, so that we 
hear of this and that effect of the "May moon," or the "March 
moon," and so on. Now, as neither the heginning nor the end of 
the age of the moon, nor even its length, has any necessary 
correspondence with the heginning or the end or the length of the 
month, it may he asked, hy what condition the " May moon " is 
connected with May, or the " March moon" with March. 

It might he imagined that the moon would take its name from 
the month in which it passes the greater pait of its life. Such, 
nevertheless, is not the case. According to the most generally 
adopted custom, the moon takes its name from the month in whieh 
its age terminates. Thus, the May moon is that moon which ends 
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in May, and the Marcli moon, that which ends in March. All 
writers on chronology and the calendar agree in this, among 
whom may be cited llie author of the well-known work entitled 
VArt de verifier lea Dates. 

91 . Nevertheless, it must be admitted that this definition is attended 
with consequences which wiU seem rather absurd and inconsistent. 
Let us suppose, for example, that the moon happens to be new a 
little after the midnight which commences the 1st May. Accord- 
ing to the definition, the moon which commenced its life on the 
2nd April, and which finished it on the morning of the Ist May, 
must be called not the <* April moon,'' but the *< May moon.'' 

But another consequence would in that case also follow, which 
shows in a striking manner the confusion which occasionally 
arises from this form of expression. In the case here supposed, the 
moon which was new soon after the midnight with T^hich the Ist 
May commenced, would finish before the end of May, and would, 
therefore, according to the definition, be also called the ** May 
moon." In fine, in such case, there would be two May moons, 
one whose entire age, except a few seconds, was passed in April, 
and the other, whose age began and ended in May. 

It is easy to perceive that, the month of February in a common 
eivil year having only 28 days, while the length of a lunar month 
always exceeds 29 days, it may happen that there will be no 
February moon. This will, in fact, occur if the moon be new on 
the afternoon of the 31 st January. 

Similar inoonsbtency and confusion would, however, equally 
«n8ue, if the mooa took its name from the month in which it 
is new. 

Independently of other causes of confusion arising from tiiis 
custom of identifying the knooh with the month in which it ends, 
there is the case in which the same moon might in one place take 
the name from one month, and in another place from the month 
preceding or following. Thus, for example, in the case of two 
places having a difference of longitude of 10 minutes, the hour at 
one plaoe wiU be 10 minutes later than at the other. Now, let us 
suppose that the moon is new at 6 minutes before the midnight 
which terminates the last day of the month at one of the places. 
It will be new at 6 minutes after the midnight which terminates 
the month at the other place. Since the preceding moon ends its 
age in one of the places 5 minutes before the end of the month, 
and at the other place 5 minutes after the commencement of the 
next month, it will take its name at one place from the one month, 
and at the other from the other month. The moon which is the 
« May moon" of Paris may, therefore, be the *' April moon" of 
London, 
H 



ANNO MUNDU 

92. W& sjiall conclude this brief exposition of the principal 
subjects included in the almanack, with some notice of the 
different epochs or eras which different nations have in different 
ages adopted as the zeros or starting points of their chronology, 

93. It is evident that when any great erenty political or 
religious, is adopted as the era, it would in general be necessary 
to count from it forwards and backwards, forwards for subsequent 
and backwards for preceding events. One era only would be 
exempt from this, and that is the era of the creation of the world, 
in which an event, is dated Anno Mtjndi. Hany profound re- 
searches have been accordingly made, to determine the date of 
this great standard of human chronology. 

Unfortunately, however, the only authorities which could 
throw light upon the question, are involved in much obscurity, 
and give inconsistent results. The Hebrew, the Samaritan, 
and the Septuagint texts are apparently at variance on this 
question. 

The following are the results of the researches of different 
chronologists as to the age of the world : — 

According to Julius Africanns, the date is . , 5500 b.o. 

According to the monk Fanodoms . . . . 5493 ,, 

According to the Greek researches • . . • 5509 „ 

Scaliger, by a comparison of different texts . . . 3950 „ 

Father Fezron ..;..., 5873 ,, 

Jewish estimate 3761 „ 

Archbishop Usher AOOi ,, 

The estimates of Jewish historians are, however, very various. 
Josephus gives it as 4163 B.C., others give it as 6524 B.C. 

The estimate most commonly adopted by chronologists is that of 
Archbishop Usher. 

The era of the Julian period has been already explained. 

94. An era, called that of Nabonassar, has acquired a certain 
celebrity from the circimistance of its having been adopted as the 
point of departure in the calculations of several ancient astro- 
nomers, and more especially of Ptolemy. 

The date of this era is 747 B.C. 

It does not appear what circumstance determined the selection 
of this epoch, as there is no recorded event, social, political, or 
military, with which it is connected. It has been said that it is 
the date of the foundation of the kingdom of Babylon, out of 
the wreck of the Assyrian empire, after the death of Sardanapalus. 
It is also said that Nabonassar was the head of a new dynasty, and 
that he introduced the Egyptian year into Chaldeai but none of 
these statements have been satisfactorily proved* 
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05. The Hegiba is the era of the Mohammedans, This word 
signifies flight, and refers to the flight of Mohammed from 
Mecca and his taking ref age at Medina, immediately after which, 
his conquests commenced. The date of the Hegira is 622 a.ix 
But the Mohammedan year does not correspond with the Christian 
year, heing determined by lunar months, and not by the seasons. 
Thus the year 1267 heg. commenced on the 6th of Noyembery 
1B50, and the year 1268 heg. on the 26th of October, 1851, being 
11 days less in length than the Christian year. The ciyil year of 
865 days exceeds 12 mean lunar months of 29^ days by 11 days. 
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COMMON THINGS. 

CLOCKS ATST) WATCHES. 

CHAPTEfi I. 

1. Oener»l vuit of time masauren. — 2. No natorsl mwuoreg for short 
intecTalH.— 3. ApproiimaUro eipedient bj sbadoirB.— 4. Snn-diala. 
— 6. DiflerCDtl; coiurtructed for diSeceot places. — 6. Barltest sun- 
diaU. — T. ClepeTdn, or Tater-clock. — 8. Honi-glass. — 0. Mercmid 
time-gauge. — 10. Clocks — their cMef parta.— 11. Itdgolating power 
of tiie peodaliUD. — 12. Uuiforza rale of Tibiation.— 13. AoaljaBofa 
Tibnition, — 14. Experiineiita1v«ri£<aitianorUi>c)iroDieiL. — 15 Uoving 
power svstamj) the Tibration. — 16. Vibration not dependent on weight 
of pendnlnm. — 17. Time of vibratiaii rariee with the length. — 
IS, ikiiAll^ia of molioD of peaduloas mass. — 19. How the pnQdnlam 
govenu Uie hands-^ZO. Prodncea interaiitting motion. — 21. Fen- 
dolom's motion maintained bj moTing pover. 

1. AvTBS the supply of the absolute necesaarieB of physical 
esistenoe — food, clothing, and lodging— «ne of the first wants of a 
society, emei^^g from tmrbariain, is the means of measuring and 
registering time. In civilised society, all contracts for labour, 
and for all kinds of service, are based upon time. Even in the 
cases of the highest public functionaries, and where the service 
rendered is purely social and intellectual, still it iH rcgii1at«d, 
limited, and compensated with, relation to time. Time meflaaTen 
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COMMON THINGS — CLOCKS AND WATCHES. 

or chronometers were therefore among the earliest mechanical and 
physical inventions. 

2. Although nature has supplied yisible signs to measure and 
mark the larger chronometrio units, such as days, months, and 
years, she has not furnished any corresponding measures of the lesser 
units of hours, minutes, and seconds. There are no yisible marks 
on the firmament by passing from one to another of which the 
sun can note the hours, still less are there any signs for minutes 
or seconds. These subdivisions are therefore merely artificial and 
conventional, and to measure and mark them, artificial motions 
must be contrived. 

3. Rough approximations were first made to the chief divisions 
of the day, by observing the apparent motion of the sun from 
rising to setting. Thus the direction of the meridian, or of the 
souA, being once known, and marked by some fixed and visible 
object, the time of noon was known by observing when the sun 
had this direction. The hours before and after noon were roughly 
estimated by the position of the sun between noon and the times 
of its rising and setting. Greater precision was given to this 
method, by erecting a wand or gnomon, the shadow of which 
would fall upon a level surface, in a direction always opposite to 
that of the sun. Thus, after sunrise, the shadow would be»inclined 
towards the west, the sun being then towards the east. From the 
moment of sunrise until noon, the shadow would move continually 
nearer and nearer to the direction of the north, and at noon it 
would have exactiy that direction. From noon to sunset the 
shadow would be more and more inclined towards the east. 

It is evident, however, that such a dial would not afford uniform 
indications at all seasons of the year, so that the hour-lines of the 
shadow determined in spring, for example, would not show the 
same hours in winter as in summer. Without much astronomical 
knowledge, it is easy to be convinced of this. At the equinoxes, 
the sun rises and sets at six o'clock, and at the east and west 
points precisely; and, therefore, at these seasons, the six o'clock 
hour-lines of such a dial would be for the morning due west, and 
for the evening due east. But on the first day of summer (21st 
June), the sun rises and sets at points of the horizon very mnch 
north of the east and west points, and at six o'clock in the forenoon 
and afternoon its bearing is north of the east and west points. 

4. A dial so constructed at any given place would be useless 
as a time indicator. To render it useful, it would be necessary 
that the shadow of the style should fall in the same directions at 
the same hours at all seasons of the year. Now, to attain thi» 
object, the style must be not vertical, but must be directed to the 
eelestial pole. It is easy to comprehend that in that case a plane 
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passing through the style and the sun would always be carried 
round the style with an uniform motion by the diumal motion of 
the sun, and that ataU seasons this plane would at the same hours 
have the same position. 

It is for this reason that the gnomon of sun-dials is placed at 
such an inclination with the plate of the dial, that when the dial 
is properly set the gnomon will be directed to the north pole of 
the heavens, and being so placed, its shadow will fall upon the 
same lines of the dial at the same hours, whatever be the season 
of the year. 

5. It is evident, therefore, that dials must be differently con- 
structed for places which have different latitudes. We have shown 
in a former Tract* that the elevation of the celestial pole is equal 
to the latitude of the place, and consequently the inclination of 
the gnomon of a sun-dial must be also equal to the latitude of 
the place where the dial is intended to be set. It follows, there-, 
fore, that a dial constructed for London would not be suitable for 
York, Newcastle, or Edinburgh. 

The position of the plate of the dial upon which the shadow of 
the gnomon is projected is quite unimportant. All that ia really 
important is the direction of the gnomon, which must always be 
that of the celestial pole, whatever be the position of the plate of 
the dial. Thus the plate of the dial may be either horizontal, 
vertical, or oblique. Its position will depend upon the place 
where it is to be erected. If it be in an open space, as in a garden 
or field, having a clear exposure on all sides, it will be generally 
most convenient to make it horizontal ; and, hence, in such cases, 
it is usual to fix it upon the top of a colimm of three or four feet 
high, so that it may be easily observed by a person of ordinary 
height standing near it. Sometimes it is convenient to place it 
upon the wall of a building, such as a church. A wall with a 
southern exposure is ia that case the most convenient; but to 
indicate the hours of the early morning in the spring and 
summer, an eastern exposure would be required, and to in- 
dicate those of the late evening a western exposure would be 
necessary. 

Where these vertical dials are erected, it is therefore frequently 
the practice to establish them at the same time on different walls 
of the same building. 

Whatever be the position of the plate of the dial, the position 
of the hour-lines upon it is a matter of mere technical calculation, 
for which the formulaa and principles of spherical trigonometry are 
necessary, but which is not attended with any difficulty. 

* Vol. i. page 102. 
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It must, however, be observed, that generally the hour-lines 
are inclined to each other at unequal angles, as may be seen by 
inspecting any ordinary sun-dial. There is one, and one only, 
position which could be assigned to the plate of the dial, such 
that the hour-lines would make equal angles with each dther. 
That position would be at right angles to the gnomon, and a dial 
so constructed would be suitable to any place, whatever be its 
latitude. All that would be necessary would be to set it so that 
the gnomon would be directed to the celestial pole. The sun, 
however, would shine upon the upper or north side of it during 
the spring and summer, and on the lower or south side during the 
autumn and winter. It would, therefore, be necessary that it 
should be marked on both sides with hour-lines, and that a 
gnomon should be fixed on both sides. 

6. The name dial is derived from the Latin word dies, a day, 
and the invention and use of the instrument as a time indicator is 
very ancient. According to Herodotus, the invention came to 
Qreece from Chaldsea. The first dial recorded in history is the 
hemisphere of Berosus, who is supposed to have lived 540 B.C. 

7. The first attempts to measure time by motions artificially 
produced, consisted in arrangements, by which a fluid was let fall 
in a continuous stream through a small aperture in the pipe of a 
funnel, the time being measured by the quantity of the fluid 
discharged. The cletsydea, or water-dock, of the ancients, was 
constructed upon this principle. This and the sun-dial were the 
only instruments contrived or used by the ancients for the 
measurement of time. 

Clepsydras were contrived by the Egyptians, and were in 
common use under the reign of the Ptolemys. In Eome, 
sun-dials were used in summer and clepsydras in winter. These 
instruments, though subject to very obvious defects, were, never- 
theless, when skilfully used, susceptible of considerable accuracy, 
as may be easily conceived, when it is stated, that before the 
invention of clocks and watches, they were the only chronometrie 
instruments used by astronomers. The chief sources of their 
irregularities were the unequal celerity with which the fluid is 
discharged, owing to its varying depth in the funnel and its 
change of temperature. 

8. The common hour-glass comes under this dass of chronometrie 

instruments, but is the most imperfect of them. Nevertheless, for 

certain purposes, it is even now, advanced as we are in the application 

of sdence to the arts, still found the most convenient chronometer. 

The process of ascertaining a ship's rate of sailing or steaming 

by means of the log affords an example of its use. One man holds 

the red from which the line runs ofl^ while another holds the 
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sand-glass, and ^ves tlie signal -when the sand has rmi out. 
The number of knots run off from the reel is then the number of 
miles per hour iu the rate of the yesseL The intervals between 
the knots, the quantity of sand in the glass, and the apertQ]*« 
through which it falls, are so adapted to each other as to give this 
result. 

9. Notwithstanding the great perfection to which the art of 
constructing chronometers has attained, an apparatus was not long 
since proposed by the late Captain Kater for the measurement of 
very small intervals of time, fractions of a second, for example, 
which is a modification of the clepsydra. A quantity of pure and 
clean mercury is poured into a fdnnel with a small aperture at its 
apex, so that a stream of the quicksilver shall fall through it. 
The flow is rendered uniform, by keeping the mercury in the 
funnel at a constant leveL The apparatus is intended in scientific 
researches to note the exact duration of phenomena, and it is 
so managed, that the stream issuing from the funnel, is turned 
over a small receiver at the instant the phenomenon to be 
observed commences, and is turned away from it the instant the 
phenomenon ceases. The mercury discharged into the receiver is 
then accurately weighed, and the number of grains, and parts 
of a grain it contains, being divided by the number of grains 
which would be discharged in a second, the number of seconds, 
and the parts of a second, which elapsed during the continuance 
of the phenomenon is found. 

10. For the purposes of civil life, as well as for the more 
precise objects of scientific research, aU these contrivances have 
been superseded by clocks and watches, which are now so 
imiversal as to constitute a necessary article of furniture in the 
most humble dwellings, and a necessary appendage of the person 
in all civilised countries. 

All varieties of this most useful mechanical contrivance include 
five essential parts. 

1. A moving power. 

2. An indicator, by whose uniform motion time is measured. 

3. An accurately divided scale, upon which the indicator moves 
and by which its motion is measured. 

4. Mechanism, by which the motion proceeding from the 
moving power is imparted to the indicator. 

5. A regulator, which renders the motion imparted to the 
indicator uniform, and which fixes its celerity at the required rate. 

Thus, for example, in a common dock, the moving power is the 
weight suspended by cords over a pulley fixed upon the axle of a 
wheel, to which the weight in descending imparts a motion of 
rotation. The indicator is the hand. The scale is the dial plate 
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upon which the hours, minutes, and sometimes the seconds, 
are marked by equal divisions, oyer which the point of the hand 
moyes. The mechanism is a train of wheelwork, so constructed 
that the rate of rotation of the last wheel upon the axle of which 
the hand is fixed, shall have a certain proportion to the rate of 
rotation of the first wheel, upon the axle of which the weight is 
suspended. And if , as is generally the case, there be two or 
three hands, then the wheel- work is so constructed, that while 
one of the hands makes one revolution, another shall make twelve 
revolutions, and the third shall make sixty revolutions during a 
single revolution of the latter, and therefore seven hundred and 
twenty during a single revolution of the former. 

If no other appendage were provided, the weight would, 
in such an apparatus, descend with a continually increasing 
velocity, and would therefore impart to the hands a motion of 
rotation more and more rapid, which would not consequently 
serve as a measure of time. This defect is removed by the 
addition of a pendulum, combined with a wheel upon which it 
acts called the escapement. It is the property of the pendulum 
that its oscillations are necessarily made always in equal times, 
and its connection with the esoapement-wheel is such, that one 
tooth of that wheel, and no more, is allowed to pass the upper 
part of the pendulum during each oscillation right and left, fiut 
this escapement-wheel itself forms part of the train of wheel- 
work by which the first wheel, moved by the descending weight, 
is connected with the wheels which move the hands, and con- 
sequently, by regulating and rendering uniform the motion of this 
escapement- wheel, the pendulum necessanly regulates and renders 
uniform the motion of the entire apparatus. 

The instrument thus arranged, therefore, imparts an uniform 
motion of rotation to each of the hands, but this is not enough to 
render it a convenient time measurer. It is necessary that the 
motion of the hands should have some definite and simple relation 
to the natural and conventional division oT time into days, hours, 
minutes, and seconds. For this purpose it is required not only 
that the hands should move uniformly, but that the first, or 
slowest of them, should make two complete revolutions in a day, 
or a single revolution in twelve hours ; and, as a necessary con- 
sequence of this, that the second should make a single rovolution 
in an hour, and the third in a minute. 

11. Prom what has been stated, it will be apparent that the 
actual rate of motion imparted to the hands will be determined by 
the rate of oscillation of the pendulum. It has been shown that 
for each oscillation, right and'left, of the pendulum, one tooth of 
the escapement-wheel passes, and if the escapement-wheel have 
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thirty teeth, and if 1;he pendulum take one second to make a 
single swingi it will allow the escapement-wheel to make a 
complete revolution while it makes thirty swings from right to 
left, and thirty from left tx) right, that is, in sixty seconds, or one 
minute ; so that, if the axis of the third hand were in this case 
fixed upon the axle of the escapement- wheel, that hand would 
make one complete revolution in a minute, and consequently the 
second would make one complete revolution in one hour, and the 
third in twelve hours. The required conditions would therefore 
be in this case fuMlled. 

To render this explanation of the regulating property of the 
pendulum complete, it will be sufficient to show — 1st, that the 
time of vibration must be always rigorously the same with the same 
pendulum ; 2nd, that this time can be made shorter or longer by 
varying the length of the pendulum, so that a pendulum can 
always be constructed which wiU vibrate in one second, or in half 
a second, or, in short, in any desired time ; and 3rd, that the 
connection of the pendulum with the escapement- wheel can be so 
constructed, that the motion of the latter shall be governed by 
the vibrations of the former, in the manner already described. 

A pendulum consists of a heavy mass attached to a rod, the 
upper extremity of which rests upon a point of support in such a 
manner as to have as little friction as possible. Such an in- 
strument will remain at rest when its centre of gravity is in the 
vertical line immediately under the point of suspension or support. 
But if the centre of gravity be drawn from this position on either 
side, and then disengaged, the instrument will swing horizontally 
from the one side to the other of the position in which it would 
remain at rest, the centre of gravity describing alternately a 
circular arc on the one side or the other of its position of rest. 
If there were neither friction nor atmospheric resistance, this 
motion of vibration or oscillation on either side of the position of 
equilibrium would continue for ever; but in consequence of the 
combined effects of these resistances, the distances to which the 
pendulum swings on the one side and on the other are continually 
diminished, until, after the lapse of an interval, more or less 
protracted, it comes to rest. 

12. It is related that Galileo, when a youth, happening to 
walk through the aisles of a church in Pisa, observed a chandelier 
suspended from the roof, whose position had been accidentally 
disturbed, and which was consequentiy in a state of oscillation. 
The young philosopher, contemplating the motion, was struck 
with the fact, that although the range of its vibration was 
continually diminished as it approached a state of rest, the times 
of the vibration were sensibly equal, the motion becoming slower 
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as the range of the oscillations became more limited. This led 
him to infer that property of the pendulum expressed by the 
word isochronism, in virtue of which the vibrations, whether 
in longer or shorter arcs, are performed in the same time. 

Although, however, as we shall presently show, pendulums 
possess this property when the arcs of vibration are very small, 
they do not continue to manifest it when the range of vibration 
becomes more considerable. 

13. To simplify the exposition of the important theory of the 
pendulum, it will be convenient, in the first instance, to consider 
it as composed of a heavy mass of small magnitude, suspended by 
a wire or a string, the weight of which may be neglected. Thus, 
let us suppose a small ball of lead suspended by a fine silken 
string, the length of which is incomparably greater than the 
diameter of the leaden ball. Such an arrangement is called the 
simple pendulum. 

Let 8, ^, 1, be the point of suspension ; let s b be the fine 
silken thread by which the ball b is suspended, and the 

weight of which, in the present case, 
is neglected. Let b be the position of 
the ball when in the vertical under the 
point of suspension s. In that posi- 
tion the baU would remain at rest; 
but if we suppose the ball drawn aside 
to the position a, it will, if disengaged, 
fall down the arc a b, of which the 
centre is s, and the radius the length 
of the string. Arriving at B, it will 
have acquired a certain velocity, which, 
in virtue of its inertia, it will have a 
tendency to retain, and with this velo- 
city it will commence to move through 
the arc b a'. Supposing neither ti^e 
resistance of the atmosphere nor friction to act, the ball will rise 
through an arc B a' equal to B A ; but it will lose the velocity which 
it had acquired at B ; for it is evident that it will take the same 
space, and the same time, to destroy the velocity which has been 
acquired, as to produce it. Thus, the velocity at b, being acquired 
in falling through the arc a b, will be destroyed in rising 
through the equal arc b a'. 

Having arrived at a', the baU, being brought to rest, will 
again fall from a' to b, and at b will have again acquired the 
same velocity which it had obtained in falling from a to b, but 
in the contrary direction ; and in the same manner it may be 
explained that this velocity will carry it from b to A. Having 
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arrived at a, the ball, being again brought to rest, will fall once 
more from a to b, and so the motion will be continued alternately 
between a and a'. 

The motion of the pendulum from A to a', or from a' to a, is 
called an oscillation^ and its motion between either of those 
points and b is called a semi-oscillation, the motioa from B to a 
or from B to A' being called the ascending semi-oscillation, and 
the motion from a or a' to b, the descending semi-oscillation. 

The time which elapses during the motion of the ball between 
A and A' is called the time of one oscillation. 

It is eyident, from what has been stated, that the time of 
moving from either of the extremities a, a', of the arc of oscillation 
to the point b, is half the time of an oscillation. 

If, instead of falling from the point A, the ball had fallen from 
the point c, intermediate between a and b, it would have then 
oscillated between c and c' ; two points equally distant from b, 
and the arc of oscillation would have been c (/, more limited 
than A A'. 

But in commencing its motion from c, the declivity of the 
arc down which it falls towards b would be evidently less than 
the declivity at a; consequently the force which would acce- 
lerate it, commencing its motion at c, would be less than that 
which would accelerate it, commencing its motion at a. 
The ball, therefore, commencing its motion at A, would be 
more rapidly accelerated than when it commences its motion 
at c. 

The result of this is, that, although the arc a b may be twice 
as long as the arc c b, the time which the ball takes to fall from 
A to B wiU not be sensibly dijQferent from the time it takes to 
fSoll from c to B, provided that the arc of oscillation aba' is not 
considerable. 

It was at first supposed, as we have just stated, that, whether 
the oscillations were longer or shorter, the times would bo 
absolutely the same. Accurately speaking, however, this is not 
the case : but if the total extent of the oscillation a a' do not 
exceed 5° or 6°, then the time of oscillation in it may be con- 
sidered, practically, the same as in the lesser arcs. 

14. This important principle may be easily experimentally veri- 
fied. Let two small leaden balls be suspended from the same point 
of support, but one beiojg in advance of the other, so that in oscil- 
lating the two balls shall not strike each other. This being done, 
let one of the balls be drawn from its point of rest through an 
angle less than 3°, and let it be disengaged. It will oscillate 
as described above. Let the other ball be now drawn from 
its point of rest through a much less angle, and let it be so 
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disengaged that it shall commence its oscillation at the same 
moment with the commencement of one of the oscillations of the 
other ball. 

Let it, in short, be so managed, that when the one ball is at 
A, the other shall be at c ; and that both shall commence their 
descending motion towards b at ilie same moment. It will be 
then found that their oscillations will be synchronous for a con- 
siderable length of time, that is to say, the balls will arriye at Af 
and tff lespeotiyely, at the same instant; and retoming, will 
simnltaneonsly arriye at a and c respectiyely. 

If, in this case, the oscillation of the ball A were made through 
an arc, eyen as great as 10°, that is to say, 5** each side of t^e 
yertical, the oscillation of the baU c being made through an arc 
of 2*", it would be found that 10001 oscillations of the latter 
would be equal to 10000 oscillations of the former, so that the 
actual difference between their times of oscillation would not 
exceed the ten thousandth part of such time. 

16. In the practical application of the pendulum, howeyer, 
this departure from absolute isochronism, small as it is, becomes 
unimportant ; for a power is always proyided, by which the loss 
of motion which would be produced by friction and atmospheric 
resistance is repaired, and the magnitude of the oscillations is 
maintained imiform, as we shall presently show. 

16. It might be expected that the time of oscillation of different 
pendulums would depend, more or less, upon the weight of the 
matter composing them, and that a heayy body would osdllate 
more rapidly than a lighter one. Both theory and experience, 
howeyer, proye the result to be otherwise. The force of grayity 
which causes the pendulum to oscillate acts separately on all the 
particles composing its mass ; and if the mass be doubled, the 
effect of this force upon it is also doubled; and, in short, in 
whateyer proportion the mass of the pendulum be increased or 
diminished, tiie action of the force of grayity upon it will be 
Increased or diminished in exactly the same proportion, and con- 
sequently the yelocity imparted by grayity to the pendulous mass 
at each instant will be the same. 

It is easy to yerify this by experiment. Let different balls of 
small magnitude, of metal, iyory, and other materials, be sus- 
pended by light silken strings of the same length, and made to 
oscillate ; their oscillations will be found. to be equal. 

17. If pendulums of different lengths haye similar arcs of 

oscillation, the times of oscillation of those which are shorter witl 

be less than the times of oscillation of those which are longer. Let 

a, by Cf dy and e, &g, 2, be fiye small leaden balls, suspended 

by light sQken strings to the point of suspension s, and let all 
10 
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of them be ^apposed to form pendulnms, having the same angle 
of oscillation. The arc of oscUlation of the ball a will be a d*"^ 
that of 6 will be 55^, that 
of c, e c"", and so on. In 
commencing to fall from 
the points a, 6, c, d^ e 
towards the vertical line, 
these five balls are equally 
accelerated, inasmuch as 
the droular arcs down 
which they fall are all 
equally inclined at this 
point to the vertical line. 
The same will be true if 
we take them at any cor- 
responding points, such as 
(ff b'y c\ cf , €f. It may there- 
fore be concluded, that 
throughout the entire range ^< 
of oscillation of each of 
these five pendulums, they 
will be impelled by equal accelerating forces. 

Now it is shown by the principles of mechanics, that when bodies 
are impelled by the same or equal accelerating forces, the spaces 
through which they move are proportional to the squares of the 
times of their motion ; therefore it follows, that the lengths of 
these arcs of oscillation are proportional to the squares of the times. 
But the lengths of these arcs are evidentiy in the same proportion 
as the lengths of the pendulums, that is to say, the arc a cT is 
\x} hV^ 2A 8 a is to 8 &, and the aro 6 5^" is to c c^'^ as 8 & is 
to 8 c, and so on. 

It follows, therefore, that the squares of the times of oscillation 
of pendulums are as their lengths, or, what is the same, the times 
of osciUation are as the square roots of their lengths. This 
principle is easily verified experimentally. 

Let three small leaden balls be suspended vertically under each 
other by means of loops of silken thread, as represented in fig. 3, 
and in such a manner that they can all oscillate in the same 
plane at right angles to the plane of the diagram, the suspending 
loops not interfering with each other. 

Let the loops be so adjusted that the distance of the ball 1 

below the line u K shall be 1 foot, the distance of the ball 4, 

4 feet, and the distance of the ball 9, 9 feet. 

- Let the ball 9 be put in a state of osciUation through small 

arcs, and let the ball 4 be then drawn from its vertical position, 

11 
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and disengaged so as to commence one of its oscillations with, an 
oscillatios of the ball 9 ; and in the same manner let the ball 

1 be started simultaneously with one of the 
^^flf 5 oscillations of the ball 9. 

It will be found that two oscillations of 
the one-foot pendulum are made in exactly 
the same time as a single oscillation of the 
four-foot pendulum; consequently, the 
time of each oscillation of the latter will be 
double that of the former, while its ilength 
is fourfold that of the former. 

In the same manner, while the one-foot 
pendulum makes three oscillations, the 
nine-foot pendulum will make one, and, 
consequendy, the tune of oscillation of the 
latter will be three times that of the 
former, while its length is nine times that 
of the former. 
By this principle, the length of a pendulum which would 
osciUate in any proposed time, or the time of oscillation of a 
pendulum of any proposed length can be ascertained, provided 
we know the length of a pendulum which oscillates in any 
given time* 

18. We have hitherto supposed that the pendulous body is a 
heavy mass of indefinitely small magnitude, suspended by a wire 
or string having no weight. These are conditions which cannot 
be fulfilled in practice. Every real pendulous body has a defi- 
nite magnitude, its component parts being at di£ferent distances 
from the point of suspension ; the rod which sustains it is of con- 
siderable weight, and all the points of this rod, as well as those of 
the pendulous mass itself, are at different distances from the point 
of suspension. In estimating, therefore, the effect of pendulums, 
it is necessary to take into account this circumstance. 

Let us suppose a, 6, c, d, e, /, g (fig. 4), to be as many small 
heavy balls connected by independent strings, the weight of 
which may be neglected, with a point of suspension s, and let 
these seven balls be supposed to vibrate between the positions 
s K and s m'. Now if these balls were totally independent of 
each other, and connected with the point of suspension by inde- 
pendent strings, they would all vibrate in different times, those 
which are nearer the point s vibrating more rapidly than those 
which are more distant from it. If, therefore, they be all dis- 
engaged at the same moment from the line s ic, those whioh are 
nearest to s will get the start of those which are more distant, 

and at any intermediate position between the extremes of their 
12 
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vibration they will assume the positions a', 6', c\ d\ e',/', g\ That 
which is nearest to the point b, aild which is the shortest pen- 
dulum, will be foremost, since it has the most rapid vibration. 
The next in length, 6', will follow it, and so on ; the most remote 
from s being the longest pendulum, ^ being the last in order. 

Fig. 4 
S 




Now if, instead of supposing these seven balls to be suspended 
by independent strings, we imagine them to be fixed upon the 
same wire, so as to be rendered incapable of having any inde- 
pendent motion, and compelled to keep in the same straight line ; 
then it is evident, that while the whole series vibrates with a 
common motion, those which are nearest to the point of suspension 
will have a tendency to accelerate the motion of those which are 
more distant, while those which are more distant will have a 
tendency to retard the motion of those which are nearer. 

These effects will produce a mutual compensation ; h and c will 
vibrate slower than they would if they were moving freely, while 
e and/ will evidently move more rapidly than if they were moving 

13 



COMMON THINGS — CLOCKS AND WATCHES. 

freely. Among the series, there will be foiind a certain point, 
wbioli will separate those which are moving slower than their 
natural rate, from those which are moving faster than their 
natural rate ; and a ball placed at this point would vibrate exactly 
as it would do if no other balls were placed either above or below 
it. Such a ball would, as it were, be the centre which would 
divide those which are accelerated from those which are re- 
tarded. 

Such a point has, therefore, been denominated the centre of 
08ciUatum» 

It is evident then, that a pendulous mass, of magnitude 
more or less considerable, will vibrate in the same time as it 
would do if the entire mass were concentrated at its centre 
of oscillation, and formed there a material point of insensible 
magnitude. 

By the length of a pendulum, no matter what be its form, 
is always to be understood the distance of its centre of oscillation 
from its point of suspension. 

It will be seen from what has been explained above, that 
by varying the distance of the centre of gravity of the pen- 
dulum from the point of suspension, the centre of oscillation, 
and therefore the virtual length of the pendulum, and con- 
sequently its time of vibration, may be varied. The instru- 
ment may therefore be so adjusted, that the time of its vibration 
shall be a second, or any fraction of a second, that may be 
desired. 

19. Supposing, then, the pendulum to be so adjusted, that it 
shall make its vibrations at any required rate, one per second for 
example, let us see how the motion of the indicating hands is 
governed by such vibrations. 

Upon the axis on which the pendulum oscillates is fixed a piece 
of metal in the form of an anchor, such as d B A c (fig. 5), so that 
this piece shall swing alternately right and left with the pendulum. 
Two short pieces, m and m', called pallets, project inwards at 
right angles to it from its extremities A and c. 

The form and dimensions of the anchor a b c are accommodated 
to those of the escapement-wheel, w w', which is part of the 
clockwork, and which, in common with the other wheels forming 
the train, is moved in the direction indicated by the arrow by 
the weight or main-spring. When the anchor swings to the right 
the pallet m enters between two teeth of the wheel, the lower of 
which coming against it, the motion of the wheel is for the 
moment arrested. When it swings to the left, the pallet m is 
withdrawn from between the teeth, and the wheel is allowed to 
move, but only for a moment, for the other pallet m' enters 
14 
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Fig 



between two teeth at the other side, the upper of which ooming 
against it the motion of the wheel is again arrested. 

The wheel, therefore, 
is thus made to revolye 
on its axis, £, not with 
a continuous motion, as 
would be the case if it 
were impelled by the 
weight or mainspring, 
without the interference 
of any obstacle, but 
with an intermitting 
miction. It moves by 
starts, being stopped 
alternately by one pallet 
or the other ooming in 
the way of its teeth. 

When the pendulum, 
and therefore the an- 
chor, is at the extreme 
right of its play, the i 
pallet, m, having en- 
tered between two teeth, 
a tooth rests against its 
lower side, the wheel is 
arrested, and the pallet, 
m'y is quite disengaged 
from, and dear of, the 
teeth of the wheel. 
When in swinging to 
the left the arm j> b becomes vertical, the tooth of the wheel on the 
left has just escaped from the pallet, m, and the wheel being 
liberated, has just commenced to be moved « by the force of the 
weight or mainspring. But at the same moment the pallet, in% 
enters between tiiie teeth of the wheel on the right, and when the 
anchor has arrived at the extreme left of its play, the tooth of the 
wheel, which is above the pallet, m\ will have fallen upon it, so 
that the motion will again be arrested. 

Thus it appears, that during the first half of the swing from 
light to left, the motion of the wheel is arrested by the pallet, my 
and during the remaining half of the swing the wheel moves, but 
is arrested the moment the swing is completed. 

In like manner it may be shown, that during the first half 
of the swing from left to right, the motion of the wheel is 
i^rrested by the pallet, m', Ihat it is liberated and moves during 
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the latter half swing, and is again arrested when the swing is 
completed. 

20. The motion which is imparted to the hands npon the dial 
necessarily corresponds with this intermitting motion of the 
escapement-wheel. If the clock be provided with a seconds- 
hand, the circumference of the dial being divided into sixty equal 
parts by dots, the point of the seconds-hand moves from dot to dot 
daring the second half of each swing of the pendulum, having 
rested upon the dot during the first half swing. 

The whole train of wheel- work being affected with the same 
intermitting motion, the minute and hour hands must move, like 
the secondhand, by intervals, being alternately moved and stopped 
for half a second. This intermission, however, is not so observable 
in them as in the seconds-hand, owing to their comparatively slow 
motion. Thus, the minute-hand moving sixty times slower than 
the seconds-hand, moves during each half swing of the pendulum 
through only the sixtieth part of the space between the dots, and 
the hour-hand moving twelve times slower than the minute-hand 
moves in each half swing of the pendulum, through the 360th part 
of the space between the dots. It is easy, therefore, to comprehend 
how changes of position so minute are not perceptible. 

21. If the pendulum vibrated upon its axis of suspension uncon- 
nected with the clockwork, the range of its oscillation would be 
gradually diminished by the combined effects of the friction upon 
its axis and the resistance of the air, and this range thus becoming 
less and less, the oscillation would at length cease altogether, and 
the pendulum would come to rest. Now this not being the case 
when the pendulum is in connection with tihe wheelwork, but on 
the contrary, its oscillations having always the same range, it is 
evident that it must receive from the escapement- wheel some force 
of lateral impulsion, by which the loss of force caused by friction 
and the resistance of Ibe air is repaired. 

It is easy to show how the effect is produced. It has been 
shown that during the first half of each swing, a tooth of the 
escapement- wheel rests upon one or other pallet of the anchor. 
The pallet re-acts upon it with a certain force, arresting the motion 
of the wheelwork, and receives from it a corresponding pressure. 
This pressure has a tendency to accelerate the motion of the pen- 
dulum, and this continues until the tooth slips off, and is liberated 
from the pallet. It is this force which repairs tiie loss of motion 
sustained by the pendulum by friction and atmospheric resistance. 

Thus we see, that while on the one hand the pendulum regu- 
lates and equalises the motion imparted to the wheelwork by the 
weight or mainspring, its own range is equalised by the reaction 
of the weight or mainspring upon it. 
16 




COMMOW THINGS. 

CLOCKS AMD WATCHES. 



CHAPTER II. 

22. Action or pfiDdnlnm on eecapement wlieel. — 23. Bate of motion of hood)! 
prodaeed bj tootli and pluioa woik. — 21. Method of nuking innioiu. 
—25. Mntusl soKon of toothed wheela.— 26. Wheel and pinion.— 
27. Berelled and orown vheela.— 28. Weight apphed aa > maTiDg 
paver. — 29. Why hands not turned baok when olock is Tonnd np. 
—30. Mainspring.— 31. Its power Taciable. — 31 The foMe.— 33. 

IiABDRSB't MD9IUII 01 SCHNei. 17 



COMMON THINGS — CLOCKS AND WATCHES. 

Balance- wlieeL — 34. Its vibrations uniform. — 85. General explana- 
tion of a watch. — 36. Of a clock moved by a weight. — Z7. Method 
of regulating the rate. 

22. If the action of the anchor of the pendulum upon the 
escapement- wheel be attentively considered, it will be perceiTed 
that one tooth only of the escapement passes the tmchor for each 
double vibration made by the pendulum. Thus, if we suppose 
that when the pendulum is at the extreme left of its range, the 
right-hand pallet is between the teeth mf and n', the tooth nf will 
escape from the pallet c when the pendulum, swinging from left 
to right, comes to the vertical position, which is the middle of its 
swing. While it rises to the extreme right of its range, the tooth 
n* advances to the place which mf previously occupied, and at the 
same time the tooth m advances to the place which n previously 
occupied ; but, at the same time, the pallet a, carried to the right, 
enters between m and the succeeding tooth, and arrests the farther 
progress of the wheel. When the pendulum then swings to the 
left, the wheel continues to be arrested imtil it arrives at the 
middle of its swing, when the tooth below m escapes from the 
pallet A, but at the same moment the pallet c enters below the 
tooth which is above n', and receiving it at the end of the swing, 
stops the motion of the wheel. Thus it appears, that tooth after 
tooth, in regular succession, falls upon the pallet c upon the arrival 
of the pendulum at the extreme left of its play after each double 
oscillation. 

If the pendulum be so constructed that it shall vibrate in a 
second, and that it be desired that the escapement-wheel shall 
make a complete revolution in a minute, that is during sixty 
vibrations of the pendulum, the wheel must have thirty teeth. 
In that case, one tooth passing the anchor during each double 
oscillation from right to left, and back from left to right, thirty 
teeth, that is the whole circumference of the wheel, will pass the 
anchor in thirty double oscillations, or in sixty single swings of the 
pendulum, the time of each swing being one second. 

23. The manner in which different rates of revolution can be 
imparted to the different hands of a clock or watch, by tooth 
and pinion work, is easily rendered intelligible. 

The wheels commonly used in watch and clockwork are formed 
from thin sheets of metal, usually brass, which are cut into 
circular plates of suitable magnitude, upon the edges of which 
the teeth are formed. The edges of the wheels thus serrated are 
brought together, the teeth of each being inserted between those 
of the other, so that if one be made to revolve upon its axle, its 
teeth pressing upon those of the other, will impart a motion of 
revolution to the other. 
18 
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When a large wheel works in the teeth of a much smaller one^ 
which is a very frequent case in all species of wheelwork, the 
smaller wheel is called for distinction a pinion, and its teeth are 
called LEAVES. 

24. The method of manufacturing the pinions and smaller 
wheels used in watch and clockwork is very ingenious. A rod of 
wire, the diameter of which a little exceeds that of the wheel or 
pinion to be made, is drawn through an aperture cut in a steel plate, 
haying the exact form and magnitude of the wheel or pinion to be 
formed. After being forced through this aperture by the ordinary 
process of wire-drawing, it is converted into a Jluted wire, the 
ridges of the fluting corresponding exactly in form and magnitude 
to the edge of the aperture, and therefore to the teeth or leaves of 
the pinion or wheel. 

This fluted wire, called pinion wire, is then out by a cutter, 
adapted to the purpose, into thin slices, at right angles to its length. 
Each slice is a perfect wheel, or pinion ; and it is evident that all 
of them must be absolutely identical in form and magnitude. 

Such a wire-drawing plate, with apertures of diflerent forms and 
sizes, is represented in flg. 6. 

Fig. 6. 





25. Two wheels of unequal magnitude, working one in the 
other, are represented in fig. 7. It will be easily perceived, that 
in this case their motions must be in 
contrary directions. Thus, if the ^' ^ 

wheel A move in the direction of the 
hand o£ a watch, the wheel b must 
move in the contrary direction. 

Also, the rate at which they revolve 
on their axles will be in the inverse 
proportion of the number of their 

teetili. Thus, if the wheel B have fifty teeth, while the wheel A 
has only ten, it is evident that one revolution of b must be 
accompanied by five revolutions of A, since an equal number of 
teeth of each wheel must necessarily pass the point of contact c 
in the same time. 

Now, in dock and watchwork, one of the objects to be attained 
is to cause certain wheels to revolve in a given numerical pro- 
portion to others. Thus, that upon the axis of which the seconds 
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hand is fixed miuit make sixty reyolutions, while that upon which 
the minute hand is fixed nuJLes one. This would, therefore^ be 
accomplished if the two wheels worked one in the other, the one 
having ten teeth and the other six hundred. But it is not 
necessary or oouTenient that the two wheels should thus he 
immediately in connection. Two or more wheels or pinions may 
be interposed between them, so that their relatiye yelocities of 
rotation may result from the combined relations of the numbers 
of teeth or leayes in all the inteimediate wheels and pinions. 

26. A wheel working in a pinion is represented in ^, 8. When 
a very slow motion of rotation is to be converted into one many 
times faster, or vice vertd, this expedient is usually adopted. 

A wheel and pinion are often fixed upon the same axis at 
more or less distance asunder. The pinion in this case may 
drive or be driven by a smaller wheel at a distance from the first, 
which is often convenient in clockwork and other machinery. 

Thus, in fig. 17, the wheel c drives the pinion d which is fixed 
upon the axle of D, and drives it. The wheel d drives the pinion 
By which drives the wheel £ on the same axle, and the wheel £ 

drives the pinion/, which drives the wheel 
F, and so on. Li this way combinations 
of wheels and pinions may be arranged 
so as to modify in any desired manner the 
rate of rotation, and to transfer the rota- 
tion from axle to axle according to any 
proposed conditions. 

27. In all these cases the axles round 
which the motion of rotation is produced 
are parallel one to another. In many cases, as well in clockwork 
as in other machinery, it is required to produce a motion of 



Fig. 8. 




Fig. 9. 



Fig. 10. 





rotation round an axis at right angles to that upon which the 
motion already obtained is produced. 

This is very simply and beautifully effected by either of two 
expedients, one of which is called b£V£ll£d, and the other cbowk 
wheels. 
20 
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The manner in which the ohjeot ie attained hj bevelled wheels 
will be evident by inspecting fig. 9. The teeth in tlus ciLBe are 
fbimed upon a surface inclined to the axis st clq angle of 45°, and 
tte two Bjcles mate with each other conaeqnently an angle of 90°. 

In the crown wheel a, fig. 10, &e teeth axe raised upon the 
edge paiaUel to the axis, and work in the t«eth or leaves of a 
wheel or pinion B, whose axle is at right angles to that of a. 

In clockwork, the orown wheel is the expedient used for tliis 
purpose, bevelled wheels being generally preferred in. lai^r and 
heavier applications of wheelwork. 

28. It has been already p;. ,| ■ 

stated that the moving - 

power applied to clock or 
watohwork is either a 
weight or a mainspring. 

If a weight be the mov- 
ing power, it is suspended 
txt a oord which is coiled 
upon a drum fixed uj 
an horizontal axis, the firstt J 
wheel of IJie train which] J 
gives motion to the hands 
being fixed on the same 
axis, so that it shall turn 
when the drum turns. 

Such an arraugement is 
Tepresentedinfig.il, where 
A B is the drum, c d the 
wheel attached to it and 
moved by it, w the weight 
which is the moving power 
suspended to the cord T, 
which b coiled upon the 
drum A E. The end, f, of 
the axis of the drum pro- 
jecting beyond it, is made 
square, so as to receive a, 
key made to fit it; by which 
it is turned, so as to coil 
the cord upon the axis, W 

when it has been uncoiled by the descending motion of the weight. 

* This, acd most of the succeeding diagratna have been copied from the 
excellent work "Gouts Elfment^n de M^niqne,'' par Charlaa Delaunay 
— Victor Uaason — Paris, ISSi, with the peimlssicQ of the author and 
pablisher. 




COMMON THINGS — CLOCKS AMD WATCHES. 

The direotionin which the wheel c d is turned I^ the force of 
the deacendiDg weight is indicated by the arrow, and in that 
direction it will oontinne to torn so long as the weight acts upon 
the coil of the cord upon the drum. But so soou as tlie cord, 
by the continued descent of the weight, shall baye been dis- 
charged &om the drum, the rotation imparted t« c s must cease. 
It is then that tite key must be applied to the square end, f, of 
the axis of the drum, ajid turned continnally in the direction 
contrary to that in which the weight would turn the drum in 
descending. 

29. It will no doubt be percelTcd by the attentave reader, that, 
in this case, the bands of the clock would be abraya turned back- 
wards while the clock is being wound up, unless some special 
provision were made against such an effect ; for it is evident, that 
if the wheel c L, when turned by the descent of the weight W, in 
the direction of the arrow, give a progressiTe motion to the hands, 
the motion imparted to C D, by the ascent of the weigbt w, while 
the clock is being wound up, muat necessarily impart to the 
hands a motion in the contrary direction, that is a backwaid 
motion. 

In all clocks this is prevented by an expedient called a ratchet 
wheel and catch, the one being attached to the barrel i. B, and 
die other to the face of the wheel c d, the effect of which is to 
allow the barrel a b, to be turned while the clock is being wound 
up in the direction contrary to that indicated by the arrow with- 
out turning the wheel c s ; but when the barrel a b is turned 
by the descent of the weight w, in the direction of the arrow, the 
catch acting in liie teeth of the ratchet-wheel, the motion of a b is 
imparted by the action of tbe catch on the ratcbet-wheet to the 
wheel c s, and by it to the bonds. 




The form and mode of application of the ratchet-wheel will be 
presently more clearly explained 

30. The moving power of a weight con only be applied to time- 



MAINSPUIHO. 

pieces wWe the space neoesiaiy far the play of the weight in its 
descent and ascent oitn be conveniently obtuned. This condition 
is obviooaly incompatible with the cijoumstanaes attending pocket- 
watcW, all portable and moveable timepieces, chimney, tahle, 
and console clocks, and in general all timepieces constrncted on 
a small scale. 

The moving power applied to these universallj is a mainspring, 
ivhich is a ribbon of highly tempered steel bent into a. spiral form, 
as represented in &g. 12. At one end, K, an eye is provided, by 
which that extremity may be attached either to a fixed point or to 
the side of the bairel to which the spring is intended to impart 
motion. In the centre of the spiral an arbor, or axle, is intro- 
duced, to which the inner extremity of the spring is attached. 
Supposing the extremity a to be aUached to a fixed point, let 
the arbor b (fig. 13), be turned in the direction indicated by 
the arrow. The spring will then be coiled closer and closer roimd 
the arbor A B, while its exterior ooils will he separat«d one from 
another by wider and wider spaces. 




After the spring has been th arbor, 

it will have a tendency to niituu iwcu =uu .c^u.c. .l^ former 
state, and if the arbor b be abandoned to its action and be iree to 
revolve, it will receive ffom the reaction of the spring a motion of 
revolution contrary in direction to that which was given to the 
arbor in coiling np the spring, and such motion would be imparted 
to a wheel fixed npon the axle, and might from it be transmitted 
to the hands in the same manner as if the arbor-wheel received 
its motion from the power of a weight. 

31. But between anch a moving force and that of a weight 
^ere u an obvious difference. The tension of the cord by which 
^e weight is suspended, and oonseguently its efiect in giving 
revolution 1« the barrel npon which the cord is coiled, is always 
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the wune until the dock altogether goes down. The moTing 
foroe of the Bpring, on tlie contraij, is subject to a contmnal 
deorease of intensity. At first, when completely coiled ap, its 
intensity b greatest, but as it turns the arbor b it becomes 
grsduaUy rel&Ked, and ifa intensity ii contiDnaUy leas and less. 
It exerto, therefore, a continually deereasing power upon the 
wheel fixed upon the arbor, and therefore upon the lumds to 
which the motion is transtnitted. 

32. Ae a Taiying power would be incompatible with that 
uniformity and regulori^ which are the most essential and 
chaiuoteriatio conditions of all forms of clockwork, saoh s spring 
would be quite unsuitable if some expedient were not found by 
whioh its Tariation could be equalised. 

This has been accordingly aocomplished, by a yery besatifol me- 
chanical contrivance, consisting of the combination of a flexible chain 
and a oonical barrel arranged to receive its ooils, called a ftsex. 




This arrangement is represented in fig, 14. The mainspring is 
attached by its inner extremity to the fixed arbor A, and by its 
outside end at E, to a barrel b, which is capable of being tnrned 
round the fixed axis A. A jointed chain is attached by one 
extremity to the barrel at E,gand being coiled several times round 
it, b extended in tlie direction c, to the bwest groove of the 
fusee E, to which its other end, e, is attached. This fusee is s 
oonical-shaped barrel, upon which a spiral groove is formed, 
continued from the base to the summit to receive the chain. The 
base is a toothed wheel, by which the motion imported by the 
nuunsprlng and chain to the fusee is transmitted to the hands 
through the wheelwork. The fusee is fixed upon an arbor, d o, 
the lower end of which, projecting outside the case oontaining the 
works, is formed square to receive a key made to fit it by whioh 
the clock or watch is wound up. 
24 



FU8EG. 

The actioa of tlle spring tranHmitted by the barrel to the chain, 
and hy tiie ohain to the fusee, has a tendenc; t« impart to the 
foEee a motion of rotation in the direotioQ of the arrows. The 
fusee is conaeoted with the wheel, w, by mcane of e. ratchet-wheel 
and catch Btmilar to that desoribed in the case in which the 
moving power is a weight, by means of which the ftuee T 
imparts rotation to the wheel when it turns in the direction of the 
airoWB, but does not move it when turned in the opposite 
direction. 

These anangemeote being nnderstood, let us suppose the key 
applied npon the aqnare-end Q of the arbor x a of the fiisee, 
and let it be turned nnnd in the direction contrary to that 
indicated by the arrows. The fusee will then be tamed, but will 
,not oarry the wheel w with it; the chain c will give to the baiiel 
B a motion of revolution contrary to the direction of the arrows, 
the chain will be gradually uncoiled bom the barrel b, and wUl 
be coiled upon the Hpiral grooYe of the fusee, winding itself from 
groove to groove, ascending on the spiral until the entire length 
of the chain has been tmooiled from Uie barrel B, and coiled upon 
the fnsee F, as represented in fig, 16. 

During this process, Hie external extremity of the mainspring, 
attached to the banel at e, is carried round with the barrel, while 
the internal extiemity is fixed to the arbor A, which does not 
'-..±am with the barrel. By this means the spring is more and more 
oloeely coiled round the arbor a, until the entire chain has been 
discharged from the barrel to the fusee, when the spring will be 
coiled into the form loprcsented in fig. 15, and in this stat« the 
intensity of its force of recoil, and the consequent tension of the 
chain c, extended from the barrel b to the fusee B, is great^t. 




The clock being thus wound up and left to the action of the 
spring, the tension of the chain c, directed from the fusee to the 
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spiral, will make the fusee reyolye in the direction indicated by 
l£e arrows. This tension at the commencement acts upon the 
highest and smallest groove of the fusee. As the chain is 
gradually discharged from the fusee to the barrel, the tension is 
gradually decreased by reason of the relaxation of the spring, and 
at the same time the chain acts upon a larger and larger groove of 
the fusee. In this way the tension of the chain is continually 
decreased, and the radius of the groove on which it acts is con- 
tinually increased, until the entire action has passed from th& 
fusee to the barrel, and the clock goes down. 

Now the power of the chain to impart a motion of revolution 
to the fusee depends on two conditions; first the force of its 
tension, and secondly the leverage by which this tension acts 
upon the fiisee. This leverage is in fact the semi-diameter of the 
groove, upon which the chain is coiled at the point where it 
passes from the fusee to the barrel. Without much mechanical 
knowledge it will be easy to perceive that it requires less force to 
turn a wheel or barrel i£ the force be applied at a great distance 
from the axle than if it be applied, at a small distance from it. 
Upon this principle generalised, it follows that the power of the 
tension of the chain to impart revolution to the fusee is augmented 
in exactly the same proportion as the magnitude of the groove on 
which it acts is increased. 

The form given to the fusee is such that as the chain is gra- 
dually discharged from it, the diameter of the groove on which 
it acts increases in exactly the same proportion as that in which 
the tension of the chain decreases. It follows, therefore, that the 
power of the chain upon the fusee gains exactly as much by the 
increase of its leverage as it loses by the decrease of its tension^ 
and consequently it remains invariable. 

Complete compensation is therefore obtained by this beautifol 
and simple expedient, and a variable force is thus made to produce 
an invariable effect. It may be useful to state that this is only a 
particular application of a mechanical principle of great generality. 
In all cases whatever, the varying energy of a moving power may 
be equalised by interposing between it and the object to be moved 
some mechanism, by which the leverage, whether simple or com- 
plex, through which its force is transmitted, shall vary in the 
exact inverse proportion of the variation of the power, — ^increasing 
as the intensity of the power is decreased, and decreasing as the 
intensity of the power is increased. 

33. Whatever be the moving power,' whether it be a weight or 

mainspring, it would, if not controlled and regulated, impart to the 

hands a motion more or less accelerated, and therefore unsuitable 

to the measurement of time, which requires a motion rigorously 
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uniform. It is on that account that the moving power must be 
controlled and governed by some expedient, by which it shall be 
rendered uniform. 

How the combination of a pendulum and escapement-wheel 
accomplishes this has been already explained. But this expedient 
requires that the timepiece to which it is applied shall be sta- 
tionary ; the slightest disturbance of its position would derange 
the mutual action of the pendulum and the escapement- wheel, and 
would either stop the movement, or permanently derange the 
mechanism. It is evident that a pendulum is not only inap- 
plicable to all forms of pocket timepiece, but that it cannot even 
be used for marine purposes, the disturbances incidental to which 
would be quite incompatible with the regularity of its action. 

The expedient which has been substituted for it with complete 
success in all such cases is the balance-wheel. 

This is a wheel, like a small fly-wheel, having a heavy rim con- 
nected with the centre by three or more light arms, as shown at 
A B c, in fig. 16. Under, and parallel to it, is placed a spring 
resembling in form the mainspring, but much finer and lighter^ 
and having much less force. 
This spring is formed of ex- ^^' i^- 

tremely fine and highly tem- 
pered steel wire, so fine that 
it is sometimes called a hair- 
spring. One extremity of this 
spring is attached to the 
axis of the balance wheel, and 
the other to any convenient 

fixed point in the watch. The spring is so constructed that when 
at rest it has a certain spiral form, to which it has a tendency to 
return when drawn £rom it on the one side or the other. If we 
suppose it, therefore, to be drawn aside from this position of rest 
and disengaged, it will return to it, but on arriving at it, having 
acquired by the elasticity a certain velocity, it will swing past it 
to the other side, to a distance nearly as far from its position 
of rest as that to which it had been originally drawn on 
the other side. It will then swing back, and will thus oscillate 
on the one side and the other of the position of rest, in 
the same manner exactly as that in which a pendulum swings 
on the one side or the other of the vertical line which is its 
position of rest. 

34. The balance-wheel thus connected with a spiral spring, 
like the pendulum, is isochronous, that is, it performs all vibra- 
tions — ^long and short — in the same time. It will be recollected 
that this property, of the pendulum depends on the fact that the 
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wider is the range of its yibrations the more intense is the force 
with which it descends to the vertioal direction, and consequently 
wide yibrations are performed in as short a time as more contracted 
ones. Now the yibrations of the balance-wheel are subject to like 
conditions. The wider the range of its yibrations, the more in- 
tense is the force with which the recoil of this spring carries it back 
to its position of rest, and consequently it swings through these 
wide yibrations in the same time as through more contracted ones, 
in which the force of the spring is proportionally less intense. 

The oscillation of the balance-wheel regulates the- motion of 
watchwork in the same manner by means of an escapement- wheel, 
as that in which the pendulum regulates the motion of clock- 
work. The pallets and the escapement- wheel are, howeyer, yery 
yariously formed in different watches. 

35. Haying thus explained generally the powers by which 
clocks and watches are moyed and regulated, it now remains to 
show how the necessary motions are conyeyed to the hands by 
suitable combinations of wheels and pinions. 

In fig. 17 (p. 1), are represented the works of a common watch, 
moyed by a mainspring a, and regulated by a balance-wheel H ; 
the wheels and pinions, howeyer, being changed in their relatiye 
positions, and the fusee being omitted, so as to show more yisibly 
the connections and mutual dependency of the many parts. • The 
external extremity of the mainspring is attached to the base, o, 
of a column of the frame. Its internal extremity is attached to 
tliC lower end of an axle, of which the square end, T, at the top 
enters a hole in the dial-plate into which the key is inserted when 
the watch is to be wound up. The ratchet-wheel B is fixed 
upon this axis so as to turn with it, but the other wheel c under 
the ratchet-wheel is not fixed. upon it, the axis being iree to turn 
in the hole in the centre of c, through which it passes. A catch 
n is attached by a pin on which it plays to the face of the 
wheel c, and its point o is pressed against the teeth of the 
ratchet-wheel B, by a spring proyided for that purpose. When 
the key is applied upon the end T, and turned in the direc- 
tion in which the hands moye, the ratchet-wheel is turned 
with it, and the point o of the catch — pressed constantly 
against the teeth while it turns — ^falls from tooth to tooth witii 
an audible click, and thus produces the peculiar sound, with which 
eyery ear is familiar, while the watch is being wound up. During 
this process the wheel c does not turn with the axle, which only 
passes through the hole in its centre without being fixed upon it, 
but the mainspring. A, being attached to the axle is coiled more 
and more closely round it, and re-acts against the fixed point o 
with greater and greater force. 
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If the fusee, which is omitted in this figure, were introduced, 
it would occupy the place of the spring, and would be turned by 
the axle imparting a like revolution to the axis of the spring by 
means of the cHain. 

When the watch is wound up, the re -action of the spring, 
rendered uniform in its force by the fusee, imparts a motion of 
revolution to the ratchet-wheel B, in the direction of the arrow. 
By this motion the tooth of the ratchet-wheel in which the point 
o of the catch is engaged, presses against the catch so as to carry 
it round with it in tiie direction of the arrow ; but the catch being 
attached to the face of the wheel c, at n, this wheel is carried 
round also in the same direction, and with a common motion. 
. The teeth of the wheel c act in those of the pinion J, which 
is fixed upon the axle e^D. Upon the same axle is fixed the 
wheel D, so that the wheel d and the pinion d receive a com- 
mon motion of revolution from the wheel c. 

The wheel d, in precisely the same manner, imparts a common 
motion of revolution to the pinion «, and the wheel e ; and the 
wheel E imparts a common motion of revolution to the pinion / 
and the wheel r. 

This last wheel p is of the form called a crown-wheel, and 
acts upon the pinion g, imparting to it, and to the escapement 
wheel G, a common motion of revolution. This escapement- 
wheel is acted upon and controlled by the pallets or other con- 
trivances attached to the axis of the balance-wheel H, so as to 
regulate its motion by the oscillations of that wheel in the same 
manner as the escapement- wheel of a clock is regulated by the 
anchor of the pendulum. 

It may be asked why so long a series of wheels and pinions are 
interposed between the mainspring and the balance-wheel? and 
why the first pinion d may not act directly upon the escapement- 
wheel ? The object attained by the multiplication of the wheels 
and pinions is to cause the mainspring, by acting through a small 
space, to produce a considerable number of revolutions of the 
escapement- wheel, for without that the spring would be speedily 
relaxed, and the watch would require more frequent winding up. 
Thus by the arrangement here shown, while the mainspring 
causes the wheel c to revolve' once, it causes the pinion d and 
the wheel d to revolve as many times as the number of teeth 
in c is greater than the number in d. Thus if there are ten 
times as many teeth in c as in c2, one revolution of c will produce 
ten of d and d. In like manner if D have ten times as many 
teeth as «, one revolution of D will produce ten of e and E, and 
80 on. In this way it is evident that one revolution of the first 
wheel 0, which is on the axis of the fusee/ can be made by the 
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mutual adaptation of the intermediate wheels and pinions, to 
impart as many revolutions as may be desired to the escapement- 
wheel G. 

The wheels which govern the motion of the hands are those 
which appear in the figure between the watch face and the frame 
XT. The relative power of the mainspring aud balance-wheel 
must be so regulated that the wheel d shall make one revolution 
in an hour. The axis upon which this wheel is fixed passing 
through- the centre of the dial, carries the minute hand, which 
therefore revolves with it, maldng one complete revolution on the 
dial in an hour. 

Upon this axle of the minute hand is fixed a pinion k, which 
drives the wheel I, on the axle of which is fixed the pinion m, 
which drives a wheel /?, through the centre of which the axle 
of the minute hand passes without being fixed upon it. Upon the 
axle of the minute hand a small tube is placed, within which 
it can turn. Upon this tube the hour hand, as well as the 
wheel p, is fixed. The pinion kf therefore, fixed upon the axis of 
the minute hand, imparts motion to the hour hand by the inter- 
vention of the wheel /, the pinion m, and the wheel p. Since the 
hour hand must make one revolution while the minute hand makes 
twelve, it is necessary that the relative numbers of the teeth of 
these intermediate wheels shall be such as to produce that 
relation between the motions of the hands. An unlimited variety 
of combinations would accomplish this, one of the most usual 
being the following : — 

Pinion h 8 teeth. 

Wheel I 24 „ 

Pinion m 8 ,, 

Wheel i) 82 „ 

By this arrangement/? will make eight revolutions, while m and 
^ make thirty-two; or, what is the same, /> will make one revo- 
lution, while m and I make four. In like manner, I will make 
eight revolutions, while k^ and therefore the minute hand, makes 
twenty- four ; or, what is the same, I will make four revolutions, 
while k and the minute hand make twelve. It follows, therefore, 
that /I, and therefore the hour hand, makes one revolution, while 
kf and therefore the minute hand, makes twelve, which is the 
necessary proportion. 

In this case there is no seconds hand : but, if there were, its 
motion would be regulated in like manner by additional wheels 
and pinions. 

36. The manner in which the moving power of a weight, and 
the regulating power of a pendulum are applied in a clock to 
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produce the motion of the hands, does not differ in any important 
respect from the arrangement explained ahoye. Nevertheless, it 
may be satisfactory to show the details of the mechanism. The 
train of wheels connecting the weight with the anchor of the pen- 
dulum is shown in fig. 18 (p. 17). 

A side yiew of the mechanism, showing the wheels which more 
immediately goyem the motion of the hands, and also the pen- 
dulum, witJi its appendages, is given in fig. 19 (p. 33). 

The weight w acts by a cord on a barrel, as already explained. 
This barrel and the ratchet-wheel, with its catch, are mounted 
upon the axis of the great wheel c, and are behind it, as repre- 
sented in fig. 18, their form and position being shown by the 
white lines. The catch is attached to the wheel c by the screw n, 
and its point o acts on the teeth of the ratchet-wheel, which is 
attached to the barrel on which the rope is coiled. The spring 
which presses the catch against the teeth of the ratchet is also 
shown. When the clock is wound up by the key applied to the 
square end t (fig. 19) of the axis of the barrel, the barrel is turned 
in the direction opposite to that indicated by the arrows, and the 
catch falls from tooth to tooth of the ratchet-wheel, making the 
clicking noise which attends the process of winding up. When 
the clock has been wound up, the weight acting on the barrel 
presses the tooth of the ratchet-wheel against the catch, and 
thereby carries round with it the wheel c. This wheel transmits 
the motion to the escapement wheel a, fig. 17, through the series 
of wheels and pinions, d, d, «, e, /, f, and ff, in the same 
manner exactiy as has been already described (35) ; and the 
pendulum, by means of the anchor nn, regulates the motion in 
the manner described in 19. 

The wheels which more immediately govern and regulate the 
motion of the hands are those which appear in fig. 19 in front of 
the plate xy. 

The pendulum consists of a heavy disc of metal, seen edgeways 
at V in fig. 19, attached to the end of a metal rod, bb, represented 
broken, to bring it within the limits of the figure. This rod is 
suspended by various means, but often, as in the figure, by two 
elastic ribbons of steel, ss, which permit its swing right and left. 
It passes between the prongs of a fork r, by which a rod rr is 
terminated, so that this rod swings right and left with the pen- 
dulum. Upon the axis of this rod, and over the escapement 
wheel G, is fixed the anchor N of the escapement. 

37. Whether the movement be regulated by a pendulum or a 
balance wheel, it is necessary to provide some means of adjustment 
by which the rate of vibration may be increased or diminished 
at pleasure within certain limitS| for although in its original 
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construction the reg^olator may be made so as to oscillate nearly 
at the required rate, it cannot be made to do so exactly. Besides, 
eyen though it should vibrate exactly at the required rate, it will 
be subject, from time to time, to lose that degree of precision, and 
to vibrate too fast or too slowly from the operation of various 
disturbing causes. 

It has been already shown, that the rate of vibration of the 
pendulum is rendered more or less rapid by transferring the centre 
of gravity nearer to, or farther from, the point of suspension. 
Upon this principle, therefore, the adjustment of the rate of 
vibration depends. The heavy disc v, fig. 19, is made to slide 
. upon the rod bb, and can be moved upon it, upwards or down- 
wards, by a fine screw attached to it, which works in a thread cut 
in the rod. In this manner the centre of gravity of the disc v 
may be transferred nearer to the suspension ss, so as to shorten 
the time of its vibrations, or removed farther from ss, so as 
to lengthen the time. If the clock is found to lose or go too 
slowly, it is screwed up, and if it gain or go too fast, it is screwed 
down. 

In chimney and table time-pieces, the pendulum is regulated in 
a different manner. It is usually suspended upon a loop of silken 
thread, which can be drawn up or let down through a certain 
limited space, by means of a rod, upon which one end of the 
thread which forms the loop is coiled. This rod, passing through 
the dial-plate, has a square end, upon which a key can be applied, 
by turning which in the one direction or the other, the loop is 
drawn up or let down. 
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.and iMklance-wIieel variously combined. — 47. Watches and chrono- 
meters. — 48. Marine chronometers. — 49. Stationary chronometers. — 
60. Striking apparatus. 

38. The rate of oscillation of the balance-wheel cannot in the 
same manner be so easily regulated by modifying its form ; but, 
on the other hand, whUe the force which moves the pendulum, 
being that of gravity, is beyond our control, that which moves 
the balance-wheel being the force of the spiral spring, is at our 
absolute disposition. It is accordingly by modifying this spring 
that we are enabled to regulate the time of oscillation of this 
regulator. 

One of the most common expedients by which this is accom- 
plished is represented in fig. 20» 

Near the fixed point g, at the external extremity of the spiral, 
is placed a small bar £, near the end, f, of which is a notch, or 

hole, through which the 
^^ * wire of the spiral passes. 

This arrests the action of 
the spiral, so that the 
only part of it which 
oscillates is that which is 
included between F and 
its internal extremity. 
In a word, the point F is 
the virtual external ex- 
tremity of the spiral. Now 
this point f can be moved 
in the one direction or 
the other, so as to increase 
or diminish the virtual 
length of the spiral at pleasure, by means of the toothed arc ab 
and the pinion c, which latter is turned by the index d. If 
the index d be turned to the left, the bar e, and the point f, 
is moved towards a, and the length of the spiral is increased. If 
it be turned to the right, the point F is moved from g, and the 
length of the spiral is diminished. 

In this manner the rate of vibration of the balance-wheel may 
be adjusted by varying at will the vertical length of the spiral- 
^ring. 

39. The precision of the movement of all forms of timepieces 
depends in a great degree on the mechanism of the escapement, and 
accordingly much mechanical skiU and ingenuity have been 
directed to its improvement, and several varieties of form have 
been adopted and applied. 

The recoil escapement, represented in fig. 17, consists of two 
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CYLINDRICAL ESOAPBKEHT. 

pallets, whioti project from the axis of the balance -wheel at eight 
angles with each other, one of which acta at the top, and the 
other at the bottom of the eBCapement-wheel a, the axis of wliich 
is horizontal and the wheel vertical. These pallets, as tlie 
balance-wheel oscillates, engage alternately in the teeth of the 
escapement-wheel exactly in the same manner as do the pallets of 
the anchor of the escapement attached to the pendnlom already 
described. This form of cscapemcDt was long the only one used, 
Euid is still continued in the more ordinary sorts of watches. 

It has, however, been auperaoded, in watches and chronometers 
where ^ater precision is required, by others of more improved 
oonstruction. 

40: In pocket watches, where great flatness, is required, the 
cylindrical escapement is used, in which the axis of the balance- 
wheel, instead of having pallets attached to it, ia formed into a 
semioylinder, having a sort of notch in it, as represented on an 
enlarged scale in fig. 21. The semicyliuder a h, is out away at c, 
through about half its height. The axis a b, flg. 22, of the 
cacapement-wheel is vertical, and the t«eth raised at right angles 




to its plane, and therefore parallel to its axis, have the peculiar 
form represented in the figure. As tiie balanoe-wheel oscillates 
on the one side and tiie other, tlie semicylinder upon ita axis 
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interp6ses itself alternately between the teeth of the escapement- 
wheel, stopping them and letting them escape in the usual way. 
The manner in which the action takes place will be more clearly 
understood by the figures 23 and 24, in which a view in plan 
upon an enlarged scale is given of the position of the semicylinder 

Fig 23 




and the teeth of the escapement- wheel after each siiccessiTe 
oscillation. 

In fig, 23, the balance-wheel swinging from right to left, 
throws the conyez side A d of the semicylinder before the. tooth c 
of the escapement-wheel, and thus for the moment airrests it, 
while the side A £ of the semicylinder has turned out of the way 
of the preceding tooth and has let it pass. The balance -wheel 

Fig. 24. 




then swings from left to right, and the convex side a d of the 

semicylinder slides against the point of the tooth c. When the 

edge D of the semicylinder passes the point of the tooth, the latter 

in slipping over it gives to it a slight impulse, which restores to 
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the balance-wlieel the small quantity of force wMoh it lost by the 
previous reaction of the tooth upon its convex surface. 

The side A e of the semicyHnder is now thrown before the 
tooth c, the point of which having advanced through a space 
equal to the diameter of the semicylinder, is thrown against the 
<ioncave surface of a e, as shown in fig. 24. 

The balance-wheel now swinging again from right to left, the 
point of the tooth c slides upon the concave surface of the semi- 
cylinder A E, imtil the edge E comes to it. The tooth then slips 
over the inclined face of E, and in doing so gives the semicylinder 
and consequently the balance-wheel another slight impulse, 
restoring to it the force of which it deprived it while previously 
49liding upon its concave side. 

The explieination here given of the action of this form of escapement 
is well cidculated to render the* conditions which all escapeinents 
should fulfil intelligible. These arrangements are primarily .' 
directed to the regulation of the movement of the whed-<work, so^ 
as to secure its uniformity. This wiU obviously be accomplished 
provided that the escapement, whatever be its form, lets a tooth 
of the wheel pass for each oscillation of the balanoe- wheel. But 
.owing to the friction of the axis of the balance-^heel, and of the 
pallets on the teeth of the escapement-wheel, knd the r^istance 
of the air, the range of its oscillations would be gradually 
diminished, so that at last it would not be sufficient to allow the 
successive psMssage of the teeth of the escapement- wheel, and the 
watch would stop unless some adequate means are provided by 
which the balajice-wheel shall receive from the mainspring 
through the escapement-wheel as much force as it thus loses. 
All escapements iiccomplish this by. the peculiar forms given to 
the edges of the pallets and the teeth of the escapement- wheel. 
In the present case, the object is attained by making the edge d 
round and the edge £ inclined, and by giving to the teeth the 
form shown in the figure. 

This form of. escapement supplies a -sufficiently good regulating 
power for the best sorts of pocket watches, and is attended with 
the advantages of allowing the works to be compressed within a 
very smalltibickness. It is the form most commonly used in the 
Trench and Swiss watches. 

41. The form of escapement used in the best English made 
watches consists of an escapement-wheel, which partakes at once 
of the double characters of a spur and crown-wheel, and is hence 
called the duplex escapement. 

The spur teeth, a, b, c, &q, (fig. 25), are similar in their form 
and arrangement to those of the cylindrical escapement described 
above. The crown teeth, a^ (, c, &c«, project from th^ face of 

S7 



COMMON THINGS — CLOCKS AND WATCHES. 




the wheel, and haye a position intermediate hetween the spur 
teeth. Upon the axle of the balance-wheel just above the plane 
of the escapement- wheel is fixed a claw pallet called the impulse 

Fjg 25. pallet, which by 

the combination 
of the oscillations 
of the balance and 
the progressive 
motion of the es- 
capement - wheel 
falls successively 
between the 

crown-teeth of the 
latter, receiving 
from their reac- 
tion as they escape 
from it, the restoring action which maintains the range of the 
oscillations of the balance- wheeL 

Under the pallet and in the plane of the spur teeth is placed a 
small roller usually formed of ruby or other hard stone, having a 
notch on one side of it, into which the spur teeth successively falL 
After any crown tooth, a for example passes the pallet, the corre- 
sponding spur tooth A falls into the notch of the roller, and this 
alternate action continues so long as the watch goes. It will be 
perceived therefore that the pallet and roller in the duplex 
escapement play the same part as the two edges of the semicylinder 
in the cylindrical escapement, and as the two pallets in the 
comimon recoil escapement (fig. 17). 
The chief advantage claimed for this system is that there is but 
Fig. 20. one pallet, and that the action 

does not require as perfect 
execution of the teeth of the 
escapement - wheel as other 
arrangements. 

42. The lever escapement 

is much used for English 

pocket watches. A lever a b 

(fig. 26), with a notch at one 

end, is attached to the 

anchor c. A pin at a, on H 

disc D, on the verge or arbor 

•of the balance, enters this 

notch at each vibration, and first moves the dead part of the 

pallet off the tooth of the scape-wheel E, and then receives an 

impulse, which restores the force it has lost, leaving another tooth 
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engaged in the opposite pallet. -As the lever ia dotacied from tie 
balauoe, eioept for an instant at the middle of each Tibration, 
the amount of friction is very small. Another advantage of this 
movement is, that it is hut little liable to derangement, and 
-when it is injnred, is easily and cheaply repaired, while the 
duplex and oylindrical eecapemente are expensive to make, and 
can only be mended by such skilful workmen as are not often 
found, except in the metropolis oi large towns. 

43. In the class of portable timepieces used for the pniposes 
of navigation, where the greatest attainable regularity of motion 
is reqimed, an arrangement is adopted called the detached 
escapement. This system is represented in fig. 27. 

Upon the arbor of the balance-wheel ia attached a disc, in which 
there is a noteh t. A smaller disc, o, is also attached to it, from 
which a small pin projects. By the oscillations of the balance- 
vheel the not«h t and the pin oscillate sltemately right and left' 




A fine flexible spring, i, attached t« a fixed blook, b, carries upon 
it a projecting piece, c. To the block n is attached another fine 
spring E, which extends to ihe edge of the small disc o. The 
projecting piece c, is so placed that when the spring A is not 
-raised, it encounters a tooth of the acapewheel, but when slightly 
raised it allows the t«oth to pass. The spring e rests in a small 
ibrk behind the extremity of a, and presented downwards. 

Now, let us suppose the balance-wheel to swing from left to 
right. The pin, projecting from the small disc c, coming against 
t^ end of the spring e, raises it ; and this spring acting in tha 
iork. behind it raises the spring a, and therefore lifts the piece c, 
and liberates the tooth which that piece previously obstructed. 
The soape-wheel therefore advances, but before the next tooth 
cornea to the place ooonpied by the fonner one, the balance swings 
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back from right to left The sprizig e no longer supported by 
the fork at the end of A, readily lets the pin pass, and the piece c 
returning to its former position, oomes in the way of the suc- 
ceeding tooth and. stops it. 

At the moment that the balance is about to commence its swing 
from left to right, and when the piece c is about to liberate the 
tooth which rests against it, another tooth behind it rests against 
the side of the notch » in the disc g, and when the escapement- 
wheel is liberated, and the swing of the balance from left to right 
is commencing, this tooth, pressing on the side of the notch », 
gives it and the balance-wheel an impulse which is sufiicient to 
restore to it all. the force which it lost in the previous oscillation. 
Except at this moment the balance-wheel in this form of escape- 
ment is entirely free from all action of the mainspring. 

44. While a clock or watch is being wound up, the weight or 
inainspring no longer, pr^sse^ upon the catch nor upon the ratchet- 
wheel, through which the motion is imparted to the wh^lwork. 
The motion of the hands is therefore suspended during the time 
occupied in winding up, consequently if the watch or clock keep 
regular time while it goes, it must lose just so much time as may 
be employed in the process of winding it up. Although this, in 
common clocks and watches, does not produce any sensible effect, 
the errors incidental to their rates of going generally exceeding it, 
yet in clocks used in observatories and in chronometers used for the 
purposes of navigation, where the greatest degree of regularity is 
required, provisions are made by which the motion of the clock or 
watch is continued notwithstanding the process of winding up. 

Such expedients are called the haintaining powee. 

One of the most simple arrangements by which this is accom- 
plished in clocks moved by a weight is shown in fig. 28. The 
weight P, which is the moving power, is connected with another 
much smaller weight \p, by means of an endless cord, which 
passes over the grooves of a series of pullies, a, b, c, and D, of 
which A and B are moveable, and c and b fixed. The force 
with which p descends is the excess of its weight above that of p. 

The pulley c, being prevented from revolving by the catch s 
during the descent of the weight p, and the cord being prevented 
from sliding upon its groove by the effects of its friction and 
adhesion, the parts h a and c d, which descend frxim the pulley 
c to the pulleys A and b, may be regarded as being virtually 
attached to fixed points at b and c, so that they cannot descend. 
This being the case, the weight P, descending by its prepon- 
derance over p, and consequently the weight p being drawn up, 
the part of the cord c d must pass over the pulley b, the part 
«/over the pulley b, and the part g h over the pulley a. In this 
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way die parti b a and g h nilt be gradually lengthened aa the 

weight P desoends at the expense of the parts e d and fe, which 

will be shDiteued to an equal extent, so tig. n. 

that the weight p will be laieed through 

l^e same »paoe as that through which the 

weight P is lowered. During this process 

the wheel d ia kept in constant revolation, 

and the first wheel oi the train of clook- 

work being fixed on its axle, a motion ia 

imparted by it thiongh that train to the t ' 

hands* 

"When it ia desired to wind np the clock, 
the hand ia applied to Qie cord e d, which 
ia drawn downwards, so that the fixed 
pulley revolyaa, Uke oatoh B dropping from, 
tooth to tootli until the weight F has been 
raiaed to the highest, and the weight p has 
Allen to the lowest point. The parts ff h 
aiiA/e of the cord not being at all affected 
by tiiis, Hm pulley d oontinnes to turn as 
before by die effbct of the preponderance 
of p, which acts as powerfully while it 
ascends as it did when it descended. 

It appears, tlierefbrie, that, by this ar- 
rangement, the motion of the works and of 
the handa is not suspended during tlie pro- 
cess of winding np. 

4S. If the works of a watoh be impelled 

by the force of a mainspring withont a fnaee, : . 

zepresented in fig. 17, it is evident that the movement must be 
snspended during the process of winding up, because the tatohet- 
wheel B, by which the force of the spring is transmitted to the 
works, is tlien relieved from the action of the catch n o. This 
defect may, however, in anoh case .be removed by a very simple 
expedient. Instead of connecting tbe external extremity of the 
munspring with a fixed point, let it be attached to the inside of a 
barrel snmmnding it, and let the wheel c be attached to this 
barrel. In that oaae, when the axle of tlie ratohet-wheel is 
turned in winding tqi, and the ratchet-wheel, therefore, relieved 
from the action of the oatoh, the wheel c will be acted npon by 
the barrel, which will itself be impelled by the reaction of the 
external extremity of the spring which is attached to it, tlie 
winding np being effected only by the internal extremity. 

This is the arrangement generally adapted in ohimney and table 
time-pieoes, as oonstructed in France and Switzerland, and also jn 
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flat wfttohea, in all of wliioh the adoption of tlio cylindrioal escape- 
ment (fig. 22] enables the oonstmotor to dispense nith tte taeee. 

It will, of course, be understood, that ia such afrangements, 
while tbe wheel c is attached to the barrel, and bj it to the 
external extremity of the mainspring, the ratohet-wheel b is 
attached to the axle T b (fig, IT}, and by it t« the internal 
extremity of the mainspring. 

When a fusee is used, the ratohet-wheel being fixed apon iU 
Bzis, and not on that of the barrel oontaining the mainspring, 
this method of obtaining a maintaining power is not applicable. 
In such cases, the object is attained by two ratchet-wheels upon 
the axle of the fusee, having their teeth and catches turned in 
opposite directjons, one of them being impelled by a provisbnsl 
spring, which only comes into play when the action of the main- 
spring is suspended during the process of winding up. 

The fusee, with its appendages, as oommonly constructed, 
without a maintaining power, is drawn in fig. 29, the grooved 
cone, with the ratchet-wheel attached to its base, being raised 
„_ a, from the cavity in the 

toothed wheel c d, in which 
it is deposited, to show the 
arrangement nuae clearly, 
and in the edge' of which 
the catch n is placed, so 
that it shall fall into the 
teeth of the ratchet-wheeL 

When the watch is being 
wound up, the chain passing 
from the barrel to the 
I grooves of the fusee, the 
teeth of tite ratohet-wheel, 
A. B, pass freely roond the 
cavity, the catch n lalling 
from tooth to too&, and producing the clicking noise already 
noticed. But when the watch u going, the tension of the ohain 
draws the fusee and the ratohet-wheel attached t« it round in 
the contrary direction, and, pressing the teeth of the ratchet-wheel 
against the catch n, conies round the wheel C S, which gives 
motion to sil the other wheels, and through them to the hands. 
Now, it will be evident, that when the watch b ImDg wound up, 
and the catch n relieved from the pressure of the teeth of the 
ratchet-wheel, no motion will be imparted toes, andoonseqnently 
the movement of the entire works will be suspended. 

The modification by which a maintaining power is obtained 
by the combination of two contrary ratchet-wheels, is shown in 




Fig. so. 
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fig. 30, when) c D is the fint wheel of the train from which the 
watch leceiTM its motion. The ratohet-wheel a is fixed upon 
the base of the fiuee, so as to 
move with it. The oatoh, 
m, which is pressed bj a 
spring into the t«eth of this 
ratchet- wheel, is attached to 
the second ratchet-wheel B, 
so that when A is carried ' 
roond by the chain acting J 
on the fuaee, it must carry 
the wheel b round with it 
in the direotioiL of tl 
row/. The wheel B is con- 
nected with the wheel c S by 
a semioiroiilar spring a i c, 
which ia attached to the wheel c n at e, aikd to the wheel b at n. 
The catoh, n, which falls into tlie teeth of the ratchet-wheel B, 
ia attached to a fixed point on the bed of the watoh. 

While the watoh is going, the wheel s, driven hy the fusee, 
draws after it the spring a be, bending it round to a certain 
extent, and this spring acting at c, en the wheel c s, draws it 
round in the direction of the arrow/. Now, let as suppose that 
the watoh is being wound up. The ratchet-wheel A, being 
turned by the key in the direction of the arrow r, the catch m 
falls from tooth to tooth, and tlie force it before received from the 
ratchet-wheel a ia suspended. But tiie spring ab c has been 
drawn from its form of equilibrium, to a certain small extent, in 
drawing round after it the wheel c s, as already stated, and it has 
stdU a tenden<7 to draw tiiat wheel after it, so aa to recover its 
form of equilibrium. In doing this, it will continue to act upon 
the wheel c D, and to carry it round while tixe action of the fusee 
upon it is suspended during the process of being wound up. The 
spring a i e is so constructed as to act thus for an interval more 
than is necessary to wind up the watch. 

46. From wluit has been explained, it will be observed, that 
timepieces in general are oonstruoted with one or other of two 
moving powers, a descending weight, or a mainspring, and with 
one or other of two regulators, a pendulum or a balance-wheel. 
These expedients are variously adopted and varionsly combined, 
according to the position and ciroumstanoes in which the time- 
pece is naed, and the purpose to which it is appropriated. 

A descending weight as a moving power, combined with a pen- 
dnlom as a regulator, supply the best okronometrical conditions. 
But the weight can only be used where a sufficient vertical space 
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can be commaiided for its ascent and descent, and neither it nor 
the pendulum is applicable except to timepieces which rest in a 
fixed and stable position. 

In the case of timepieces whose position is fixed, but where 
the vertical space for the play of the weight cannot be conveniently 
obtained, the mainspring is applied as a moving power, combined 
with the pendulum as a regulator. Chimney and table clocks 
present examples of this arrangement. The height being limited, 
it is necessary also in these cases to apply short pendulums. The 
length of a pendulum which vibrates seconds being about 39 
inches, such pendulums can only be used where considerable height 
can be commanded. 

It has been shown, that the lengths of pendulums are in. the 
proportions of the squares of the times of t their vibration. It 
follows, therefore, that the length of a pendulum which would 
vibrate in half a second, will be one-fourth the length of one 
which vibrates in a second, and since the latter is 39 inches, the 
former must be 9| inches. Such a pendulum can therefore be 
oonvenientiy enough applied to a chimney or a table dock high 
enough to leave about ten inches for its play. 

The pendulum is so good a regulator, and the anchor-escape- 
ment renders it so independent of the variation of the moving 
power, that in timepieces where it is combined with a main- 
spring a fusee is found to be unnecessary. In such cases, there- 
fore, the axis of the first wheel is placed in the centre of the 
mainspring, as represented in fig. 17. 

47. The cylindrical escapement, shown in fig. 22, is nearly as 
independent of the variation of the moving power as the pendulum, 
and therefore in common watches, where this escapement is used, 
the fusee is dispensed with. 

In the class of timepieces called chronometers, used for the 
purposes of navigation, and in general for all purposes where the 
greatest attainable perfection is required in a portable timepiece, 
all the expedients to insure regularity are imited, and accordingly 
the detached escapement is combined with fusee and mainspring. 

Besides the expedients above mentioned, for insuring unifor- 
mity of rate, provisions are made in the most perfect chronometers 
to prevent the variations of rate which would arise from the 
expansion and contraction of the metal composing the balance- 
wheel by the variation of temperature. These expedients are very 
various ; but in general they consist of contrivances by which the 
expansion of the rim of the wheel causes a part of it so to bend, 
as to throw a heavier part nearer to the centre, to compensate for 
the increased distance of another part produced by its general 

enlargement. 
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48. Marine olironoiaeters are usually suspended in a box on 
gimbals, like those which support the ship's compass. The 
balance-wheel usually vibrates in half seconds, being a much 
slower rate than that of common watches. They are of immense 
utility in navigation, and especially in long voyages. See Tract 
on *^ Latitudes and Longitudes," Museum, vol. i. p. 97. 

49. In observatories where stationary timepieces can be used^ 
the clock moved by weights and regtdated by a pendulum i& 
invariably adopted. The pendulum, in such oases, is always 
so constructed that its rate of vibration shall not be affected by 
variations of temperature. This is accomplished usually by con- 
structing it of two different kinds of metal, which are differently 
affected by heat, one being more expansible than the other. They 
are so arranged that the expansion of one shaU elevate the centre 
of gravity, while that of the other lowers it, and the two effects 
are made to compensate each other, so that, however the tempera- 
ture may change, the rate of vibration will remain the same. 

50. In clocks adapted for domestic and public use, it is found 
desirable that they should give notice of the time, not only to the 
eye, but to the ear ; and for that purpose a bell is attached to> 
them, which tolls at given intervals, the number of strokes being 
equal to that of the units in the number expressing the hour. 
This appendage is called the striking ibaiit. 

The striking train, though connected with that which moves, 
the hands, is quite independent of it, having its own moving and 
regulating power, and its own system of wheels by which the 
effect of the moving power is submitted to the regulator, and 
transmitted to the tongue of the bell. 

Unlike the train which moves the hands, the striking train is 
not in continual motion. Its motion is always suspended, except 
at the particular moment at which the clock strikes. The mecha- 
nism partakes of the character of an alarum, being stopped by a 
certain catch until the hands point to some certain hour, and then 
being set free by .the withdrawal of the catch. It remains free, 
however, only so long as is necessary for the tongue or hammer to 
make the necessary number of strokes upon the bell, after which the 
catch again engages itself in the striking mechanism, and stops it. 

Some clocks only strike the hour. Others mark the half hours, 
and others the quarters, by a single stroke. 

The general principle of the striking mechanism will be rendered 
intelligible by ffg. 31, which reprei^ents it in the case of a common 
clock moved by a weight. 

The weight suspended from the cord E moves the train in the 
same manner as in the case of the train which moves the hands. 
The motion of the first wheel, c, is transmitted to the last wheel, i, 
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wtiioli coiresponda to the escapement-wheel by the intermediate 
wheeb and pinions, /, y, g, 'o, A, h, and %. The wheel i driveB 




the puuon Jc upon the axle of which is fixed the te^^ator x. 
Thia regulator is a fij a side Tiew of vhich upon a lai^er 
scale IB shown in fig 32 

The pinion which is made to revolve by the wheel w, give* 
a motion of rotation to the fly aa' b'b, which oonsiBts of a thin 
rectangular plate of metal, along the centre of which the pro- 
longation H L of the axle of the pinion is attached. The fiat 
surfaces of the fiy, revolving more or less rapidly, strike agaiiut 




STKIKENG APPAKATU3. 

the air, whioh resists- tiiem with a force which inoreftms iR the 
proportion of tJ»e sqtiare of the velocity of the rotation. Thns, 
if the velocity of rotation be in- 

creasad in. a two-fold ratio, the ,, "^'^^^ 

resistance to aa' b'b ia increased 
in a foui-fold ratio ; if the rota- 
tion be increased in a three-fold 
ratio, the resistance is increased 
in a. nine-fold ratio, and so en. 
It is Bvident, therefore, that by 
this Tery rapid increase, the re- 
siataDce to the motion of the train g 
must soon become equal to the 
descending force of the weight, 
and then the motion will become 
uniform ; tor if it were to increase, the resistance would exceed 
the force of tlte weight, and would slacken the rate of motion ; 
and if it were to decrease, the resistance being less than the force 
of t^ weight, the latter would accelerate Hie motion. In either 
case the motion would immediately be rendered uniform. 

Projecting irom the face of the wheel H (fig. 31) there is a small 
pin which rests apon the end m of a lever m n, which toma upon 
the centre n. The lever m n when in this position stops the 
motion of the striking train. Behind the same lever m n, and 
pn^eoting from it, there is anoUier piece, which in the position 
represented in the fignre rests in a. notch of the wheel o p, lying 
behind the striking train, and indicated in the figore by dotted 
lines. Around the edge of this wheel there is a series of similar 
notches at unequal distances, determined in the manner which we 
■hall presently explain. 

Upon the face of the wheel a, at equal distances one from 
another surrounding it, a series of pins project, which, as the 
wheel turns, successively encounter a lever b, which plays upon a 
centre a. Upon the same centre a ia £xed the handle a a' of the 
hammer A hy which the bell v is struck. A spring fixed upon 
the same centre a causes the lever b to rest in the position repre- 
sented in the figure, and to return to that position if raised 
from it. The hammer handle a a' is made either elastic itself or 
is provided with a like spring. 

When the wheel a i» made to revolve at a nniform rate by the 
weight B, regulated by the fly k, the pins projecting from the face 
of the wheel a encounter sucocsuvely the lever 6, and raising it, 
throw back the handle a a' of the hammer wlilch is in conneotion 
with the lever b. After the pin has passed the lever b the latter 
is brought back with a jerk by the action of the spring, and the 
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hammer A receiving the same jerk strikes upon the bell y and 
instantly recoils from it ; and if the wheel & oontmues to revolve, 
one pin after another upon it will encounter the lever h, and the 
hammer A will make a stroke upon the bell each time that a pin 
passes the lever. 

The wheel H is so constructed that it will make one revolution 
in the interval between two successive strokes of the bell, or 
what is the same, in the interval between the moments at which 
two successive pins pass the lever 6. 

In the train whidi moves the hands, an expedient is provided 
by which each time that the minute hand passes twelve upon the 
dial, the lever m n is thrown back from the position which it has 
in fig. 31, and the top m being withdrawn from under the pin 
upon the wheel H, that wheel and the entire striking train is 
liberated and set in motion. At the saine time the piece is taken 
out of the notch in whic^ it rested on the wheel op, and that 
wheel, in common with the other parts of the striking train, is put 
in motion. 

For every complete revolution that the wheel h makes, the 
hammer A makes a stroke upon the bell, and the motion of H and 
of the entire striking train will continue until the end m of the 
lever tn n again comes under the pin prqjecting from the face 
of H. During the motion, the lever m n is kept back by the 
edge of the wheel o p acting against the piece projecting from the 
lever m n. But when the wheel o p has turned so as to bring the 
next notch to the projecting piece, it will be thrown into the notch, 
and the end m of the lever m n coming under the pin projecting 
from the wheel h, the motion of the train will be suspended. 

Now, it will be evident from what has been stated, that when 
the lever m n is thrown back by the works, it is kept back by the 
edge of the wheel o p acting against the projecting piece, and so 
long as it is thus kept back, the striking tram continues to move 
and the hammer continues to strike the bell. But the duration 
of this motion will depend on the space between the notches on 
the wheel o p, since it is while that space upon the edge passes 
under the projecting piece on tn n that the end m of the lever 
m n is kept back so as to be out of the way of the pin projecting 
from the wheel H. These spaces between the notches are there- 
fore so proportioned, one to another, that the lever m n at each 
hour is h^ld back a sufficient time for the hammer to make upon 
^the bell the number of strokes denoting the hour and no more. 

The arrangement for striking half-hours and quarters is based 
upon similar principles. 
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SPECTACLES. 



1. Their gaiaral ntility, — 2. Should therefore lie generally undentooi — 
3. Vision. — 1. BlindneBB.. — 5. Defedive tight. — 6. Long and gbort 

sighL — 7. Eemedy. — 8. Speotaclee tt. Effect of convex lenses 

10. Of coneaveleuBeB.— 11. Fucal length of a leiiE.— 12. Varies with 
dietajice of object. — 13. Fecoliaritics of vision in short sight expliuned. 
— 14. Inlongsight. — 16, The mountinR of spectacles. — 16. Perisoopio 
ipectBclee, — IT. Both eyes hare Dot alwajs the same power of vision. 
— IS. Ophthalmometer. — 19, Application of it in Belecting glasses. — 
20. Coiious defects of vision. 

1. Spectacles are inoontestably tie most univeraally useful gift 
■which optical Boienoe has conferred on mankind. More wonderful 
instromeDts abound. The miraclea disclosed to human vision hy 
the telescope and the microscope are knonii to all. To such 
maryels, spectacles lay no claim. But to compensate for this 
XiABDKEa'sMusECu OF Scie:^c£. 193 
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their utility is ubiquitous. In the palace of the monarch and in 
the cottage of the peasant their beneficent influence is equally 
diffused. It is remarkable also, that, unlike most other produc- 
tions of art and science, cost can add nothing to their perfection. 
Those of the millionaire may be mounted in gold, and those of the 
humble labourer in iron ; but the optical medium, the glass lenses 
to which they owe their perfection, must be the same. 

2. It is good that an object of such tmboimded usefulness 
should be generally understood. The more completely and 
dearly the principles on which the application of the instru- 
ment depends are comprehended, the greater inll be the extent 
of the benefit which each individual will derive from them, and the 
less frequent will be the inconveniences and evils resulting from 
their abuse. ' 

Before it is possible, however, to comprehend the principle and 
the right use of spectacles, it is indispensably necessary to be 
acquainted with the structure and functions of the eyes, and such 
readers as have not already obtained that preliminary knowledge 
are referred for it to our tract on that subject. 

The defects incidental to the sense of sight have been briefly 
noticed in that tract, and the optical expedients by which 
remedies have been obtained for them have been stated. We 
propose here to resume that subject, and to present other and 
more developed illustrations of it. 

3. When an object is placed at a certain distance from the eye, 
a small picture or image, as it is called, of the object is produced 
upon the posterior surface of the coating which lines the inside of 
the spherical shell, called the eye-ball. This coating, upon which 
the picture is thus formed, is called the retina. 

It is this picture on the retina which enables us to see the object. 
If this picture be obscure, falsely coloured, confused, or indistinct, 
our vision of the object will also be obscure, falsely coloured, con- 
fused, or indistinct. 

In its natural and healthy state the structure of the eye is such 
that the pictures of all objects presented to it thus formed upon 
the retina, are clear, rightly coloured, and perfectly distinct in 
form and outline. In individual cases, however, eyes are vari - 
ously defective. 

4. If the coats and humours, through which the rays of light, 
proceeding from external objects ought to pass, be not in any 
degree transparent, no picture whatever is formed on the retina, 
and the subject is blind. 

6. If the coats and humours are imperfectly transparent the 
picture will be obscure, being formed only by the rays of light 
partially transmitted through the humours. 
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It sometimes happens that the humours, like coloured glass or 
coloured liquids, transmit only light of a particular colour. In 
that case the image on the retina is falsely coloured, the false 
colours depending on the colour of the humours. 

For these several classes of defects spectacles are wholly ineffi- 
cacious. 

6. When the humours are perfectly transparent and free from 
colour, the picture which they would produce may fsdl not imme- 
diately upon the retina, hut at a distance more or less considerahle 
before or behind it. In that case the effect produced upon the 
retina will be a picture more or less confused and indistinct. It 
will be so much the more indistinct as the place where the dis- 
tinct picture would be formed is more distant from the retina. 

If the place of the distinct picture be before the retina, the 
defect is owing to the eye having too great refracting power upon 
the rays of light. If it be behind the retina, it is owing to the 
refracting power being too feeble. 

The former is called shoet sight, and the latter long sight, 

or WEAK SIGHT. 

7. For these defects of vision, which are by far the most 
common, spectacles supply a perfect remedy. 

They accomplish this by the effect they are capable of producing 
upon tiie place of the picture. If the eyes be weak-sighted, and 
consequently the picture is formed behind the retina, spectacles 
are applied which have the effect of bringing forward the picture 
to the retina. If they be short-sighted, so that the picture is 
formed before the retina, spectacles are applied which have the 
effect of throwing it back to the retina. 

8. Spectacles consist of circular discs of glass called lenses, 
the surfaces of which are brought by grinding and polishing to a 
covTQT or concave form. 

9. If a convex lens of this kind be placed before the eye, it will 
have the effect of bringing forward the picture formed within the 
eye. A concave lens, placed in the same manner, will have the 
contrary effect of throwing it backward. 

It will be easy for any person to convince themselves that such 
glasses have the properties here described. 

Let a convex disc of glass or lens, g g, fig. 1, be placed before a 
candle, c, and let a white paper screen be placed behind g g, and 
moved towards and from it imtil a position is found, such as s s, 
in which a distinct inverted picture of the candle will be seen 
upon it. If the. screen be now moved to s' s', a little nearer to g g, 
so that the place of the distinct picture shall be behind it, an 
indistinct picture of the candle will be seen upon the screen. 

In this case the lens g g maybe imagined to represent the eye of 
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a weak-sighted person, the candle c a visible object, and the 
screen s's'the retina, upon which an indistinct image of the object 



S' 



S' 



s depicted, and s s the place behind the retina, at which the 
picture would be distinct. 

Now if another convex lens, g'g', which may represent 
a spectacle glass, b« placed before G g, it will have the effect of 
bringing forward the place of the distinct image, and it will bring 
that place more or less forward according as g'g' is more or less 
convex. It is easy to conceive that its convexity may be such 
that the image of the candle will be brought exactly to the position 
of the screen s' s'. 

Thus it appears, that if the screen be misplaced, with relation 
to the distinct picture of the candle, so as to be before it, a glass 
g' g' of suitable convexity, placed before G g, will bring the dis- 
tinct picture forward to the position of the screen, upon which it 
wiU then be seen. 

This is a simple experiment which any one can try with a 
candle, a sheet of paper, and two spectacle glasses. 

It perfectly represents the case of a weak-sighted person, and 
the benefit they derive from convex spectacle glasses. 

If, however, the lens g' g' be too convex, the picture will be 
brought too much forward, and it will be formed not on the screen 
s' s', but before it, and will consequently be indistinct. If, on the 
contrary, the lens g' g' be not sufficiently convex, the picture will 
not be brought so forward as the screen s' s', and will still be 
indistinct upon it. 

Thus, between the relative positions of the distinct picture of 
the candle, that of the screen s' s', and the convexity of tiie lens 
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<:>' g', there is a oeitain relation, such that only one particular 
degree of convexity will bring the distinot pictuie upon the 

In lie same manner, it follows that between the relative 
positions of the retina, of the dtstinct pictnre formed behind it, 
and the convexity of the spectacle glsBaes, there is a certain 
Ssed relation, such that Btioh glasses only as have a. particular 
oonveiity will bring the distmct picture on the retina, and pro- 
duce clear and distinot vision. 

10. Let n» suppose now that the screen is placed as at s's', 
fig. 2, behind the position at which the distinct picture of the 
candle is formed. In this case it ia lequired to throw the 



V^; 



diatinot picture backieardi, and as it was brought forwards by 
the interposition of a convex gl^s, it will be tluvwn hackwarda 
by the interpoaition of a concave glass. Such a lens, g'o', 
having the proper degree of conoavi^, being therefore placed 
before a b, the distinct image will he seen upon the screen s' s'. 

As in the former case, there is a certain relation between the 
relatLve positions of the distinct picture of the candle, of the 
screen 3' s', and the concavi^ of the lens a'G', so that only one 
particular degree of concavity will throw back the distinct picture 
to the screen. 

As in the former cose, this experiment illustrates the case of a 

ahort-sight«d eye, and the remedy afhxed by the interposition of 

a concave glass. The lens q a represents the eye, S's', the retina, 

and s B the place before it where the distinct picture is formed 
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when no glajss is used. When 6' a' is interposed between the 
object and the eye, the distinct image is thrown back to s' s', the 
place of the retina. 

11. The place at which the distinct image of a distant object is 
formed by a lens, or by any other optical medium equivalent to a 
lens, is called the focus of the lens, and the distance of the focus 
&om the lens is called the focai. length of the lens. 

When the structore of the eye is perfect, therefore, its focui^ 
must be on the retina, and its focal length will be the interior 
diameter of the eye-ball. When the focal length of the eye is 
greater than this the focus is behind the retina, and the eye 
is weak-sighted or long-sighted. When the focal length is less, 
the focus is before the retina, and the eye is short-sighted. 

12. If an object, a candle for example, placed before a convex 
lens, be moved towards the lens, the place at which its distinct 
picture is formed, that is its focus, will move from the lens, 
so that the nearer the object is to the lens the further will its 
picture be from it. It is easy to verify this by means of the 
candle, the lens, and the screen. As the candle is moved nearer 
and nearer to the lens, the place at which the screen will receive 
a distinct picture of the flame will be farther and farther from the 
lens, and in the same manner if the candle, being placed very 
near the lens, be gradually removed farther and farther from it, 
the place at which the screen will receive a distinct picture will 
be nearer and nearer to the lens. 

This will explain some circumstances attending the vision of 
near-sighted and weak-sighted persons, which are familiar to 
every one. 

13. When a near-sighted person looks at a distant object, its 
focus is within the eye-ball, before the retina, on which, conse- 
quently, the picture is indistinct. But if the object be brought 
gradually nearer and nearer to the eye, its distinct picture will 
move more and more backward, according to what has been just 
shown, and it will consequently approach nearer and nearer to the 
retina, until at length the object is brought so near the eye, that 
the distinct picture exactly falls upon the retina. The vision is 
then perfect. 

It will thus be understood why near-sighted persons can see 
objects distinctly, only when they are brought within a certain 
distance of the eye. The more removed the focus of their eye is 
from the posterior part, the nearer an object must be brought 
before the picture is thrown back to the retina, and the person is 
said to be so much the more near-sighted. 

Concave spectacle- glasses, in this case, have the same effect in 
. throwing back the picture as the proximity of the object, and with 
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such Bpectades the object can consequently be seen distinctly 
without being brought near to the eyes. If, when the spectades 
are interposed, the object be brought as near the eyes as would be 
necessary for distinct vision without spectacles, the vision will be 
indistinct ; because, in that case, the effect of the glasses will be 
to throw the distinct picture behind the retina, which, without 
the glasses, would have been upon it. 

When persons are not very short-sighted, they generally read 
or work without spectacles, but require their aid when they walk 
abroad or move in society in large rooms, because the book or the 
objects of their work can, without inconvenience, be placed at the 
moderate distance from their eyes which is sufficient to throw the 
focus back upon the retina, but the more distant objects at which 
they look when walking abroad or in large rooms are beyond the 
proper limit of distance, and th^ focus, being before the retina, 
must be thrown back by concave spectacles. 

14. When an object is placed near the eyes of a weak-sighted 
person, the focus is behind the retina, and the picture on the retina 
is consequently indistinct. If the object be gradually removed 
to a greater and greater distance, the focus, according to what 
has been explained, will approach the retina nearer and nearer, 
and, if the sight be not too weak, it will come upon the retina 
when the object is removed to a certain distance from the eye. 
In this case, however, owing to the greater distance of the object, 
stronger illumination is required, and it is found, accordingly, 
that when weak-sighted persons hold a book at arms-length from 
the eyes, they are obliged, at the same time, to place a strong 
light near the page. 

Eyes, which are not of very weak sight, have sufficient power to 
bring the picture of all objects, whose distance exceeds three or 
four feet, upon the retina. But for nearer objects, the picture, 
being behind the retina, requires to be brought forward by the 
interposition of convex spectacles. The nearer the object looked 
at is, the more convex ought the glasses to be, and hence it comes 
that very weak-sighted persons require to be provided with more 
than one pair of spectacles, those adapted to more distant objects 
being less convex, and those adapted to nearer objects more so. 

When the weakness of sight is so limited that the pictures of 
distant objects fall upon the retina, those only of nearer ones 
being behind it, the eye is said to be fab-siohted, in contra- 
distinction to the opposite defect, by which distinct vision is only 
obtained by the closer proximity of the object. 

15. Spectacles consist of two glass lenses mounted in a frame so 
as to be conveniently supported before the eyes, and to remedy 
the defects of vision of naturally imperfect eyes. 
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Whatever be the defects of sight which they may be used to 
remove, it is evident that the lenses ought to be so mounted that 
their axes shall be parallel, and that their centres shall coincide 
with the centres of the pupils when the optical axes are directed 
perpendicular to the general plane of the face, that is to say, when 
the eyes look straight forward. 

These conditions, though important, are rarely attended to in 
the choice of spectacles. If spectacles be mounted in extremely 
light and flexible frames, the lenses almost invariably lose their 
parallelism, and their axes not only cease to be parallel, but are 
frequently in different planes. Spectacles ought therefore to be 
constructed with mounting sufficiently strong to prevent this 
derangement of the axes of the lenses, and in their original 
construction care should be taken that the axes of the lenses be 
truly parallel. « 

In the adaptation of spectacles it is necessary that the distance 
between the centres of the lenses should be precisely equal to the 
distance between the centres of the pupils. The clearest vision 
being obtained by looking through the centres of the lenses, the 
eyes have a constant tendency to look in that direction. Now if 
the distance between the centres of the lenses be greater than the 
distance between the centres of the pupils, the eyes having a ten- 
dency to look through the centres of the lenses, their axes will 
oease to be parallel, and will diverge as in the case of an outsquint. 
On the other hand, if the distance between the centres of the 
lenses be less than the distance between the centres of the 
pupils, there will, for a like reason, be a tendency to produce 
an insquint. 

I have myself known persons of defective sight, who had never 
been able to suit themselves with spectacles, and concluded that 
they had some defect which spectacles could not remedy. Upon 
observing the form of their heads, I found, in each case, that the 
eyes were more distant asunder than eyes generally are, while 
the spectacles they used, being those made with the lenses at the 
usual distance, were never, and never could be, so placed as to be 
concentrical with the eyes, and hence arose the discomfort attend- 
ing their use. In all such cases I removed the inconvenience by 
measuring the distance between the centres of the eyes, and caus- 
ing proper glasses to be mounted in frames, so that the distance 
between their centres should correspond with the distance between 
the centres of the eyes. 

I would therefore advise every one who uses spectacles to cause 
the distance between the centres of their eyes to be exactly mea- 
sured, and to select for their spectacles mountings corresponding 
with this distance. 
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16. The most perfect vision with spectacles is prodnced when 
the eye looks in tiiie direction of the axis of the lenses, and more 
or less imperfection always attends oblique vision through them. 
Persons who use spectacles, therefore, generally turn ^e head, 
when those whose sight does not require such aid merely tu;m the 
eye. 

To diminish this inconvenience, the late Dr. Wollaston sug- 
gested the use of menisci, or concavo-convex lenses, instead of 
double concave or double convex lenses with equal radii, which 
up to that time had been invariably used. 

Sections of lenses of this kind are given in figs. 3 and 4. In fig. 
3, the convexity a' b' (/, of which the centre is o', is greater than 

Fig. 3. 




the concavity A b c, of which the centre is o, and the effect of the 
lens is the same as that of a convex lens. Such glasses are there- 
fore adapted for weak sight. In fig. 4, on the contrary, the con- 
cavity A B c, of which the centre is o, is greater than the convexity 

Pig. 4. 
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A' B' c', of which the centre is o', and the effect of the lens is the 
same as that of a concave glass. Such glasses are therefore 
adapted to short sight. 

The effect of these, as compared with double convex and double 
concave glasses, is, that objects seen obliquely through them are 
less distorted and, consequently, that there is a greater freedom 
of vision by turning the eye without turning the head, from which 
property they were named periscopic spectacles, 

17. Li the selection and adaptation of spectacles, it is invariably 
assumed without question, that the two eyes in the same indi- 
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vidoal have exactly the same refracting power. That this is the 
case is eyident, from the fact that the lenses proyided in the same 
spectacles have invariahly the same focal length. 

Now altliough it is generally true that the two eyes in the 
same individnal have the same refractiye power, it is not invari^ 
ably so ; and if it be not, it is evident that lenses of equal focal 
length cannot he at once adapted to both eyes. 

When the difference of the refractive power of the two eyes is 
not great (which is generally the case when a difference exists 
at all), this inequality is not perceived. By an instinctive act of 
the mind, of which we are unconscious, the perception obtained by 
the more perfect of the two eyes in case of inequality is that to 
which our attention is directed, the impression on the more defec- 
tive eye not being perceived. 

It might be expected, however, that the inequality ^^ould 
become apparent, by looking alternately at the same object with 
each of the eyes, closing the other ; but it is so difficult to compare 
the powers of vision of the two eyes when they are not very 
unequal, by objects contemplated at different times, even though 
they should be exhibited in immediate succession, that this 
method fails. 

18. My attention having been directed to this question, I 
contrived an apparatus, which may not inaptly be called an 
Ophthalmometery by which the least difference in the powers of 
vision of the two eyes may be rendered immediately apparent. 

The principle I adopted for this purpose, resembles that which 
has been otherwise applied with success in photometers. I have so 
arranged the apparatus, that two similar objects similarly illumi- 
nated shall be at the same time visible in immediate juxtaposition, 
the one by the right eye being invisible to the left eye, and the 
other by the left eye being invisible to the right eye* 

This apparatus consists of a small box, a b c n, fig. 5, about 

five inches in width, a n, ten inches in length, A b, and six inches 

in height. Within this there slides another box, a' b' c' d', made 

nearly to fit it, but to move freely within it, the interior of this 

box being blackened, or lined with black velvet. In the end, b' (/, 

is a rectangular aperture, the length of which H K is about an 

inch, and the height about half an inch ; the length, however, 

being capable of being augmented and diminished by slides. 

Opposite to the end of the box b c is a white screen, on which is 

traced a horizontal line parallel and opposite to the opening K n, 

and marked with a divided scale, the of which is opposite to the 

centre of the aperture K N, and the divisions upon which are 

numbered in each direction from by 1, 2, 3, 4, 5, 6 

Let us suppose the eyes now applied at B and l. Let the 
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sliding interior box b' c' be moved until, on closing the left eye^ 
the diyision of the scale coincides with the edge K of the open-* 



Pigr. 5. 
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ing, and at the same time, by closing the right eye, the same 
diyision of the scale coincides with the edge n of the opening* 
It will be always possible to make this adjustment, proyided the 
eyes are placed centrally opposite the opening h n, which may be 
easily managed by cutting in the edge of the box a o an opening 
to reoeiye the bridge of the nose. This arrangement being made, 
it is clear that if we close the left eye we shall see the space 
upon the scale included by the lines b h and £ h continued 
to the screen b' l'. Let us suppose this space to include the six 
divisions of the scale from to 6. If we close the right eye, 
we shall see with the left eye the six divisions' of the scale ta 
the right of 0. Kow if we open both eyes and look steadily with 
them through the aperture H K, giving no more attention to the 
impression on the one than on the other, we shall see the twelve 
divisions of the scale, six to the right and six to the left of ; 
the SIX divisions to the left of being seen only with the right 
eye, and the six divisions to the right of being seen only with 
the left eye. 

In this way we have two similar objects^ similarly illuminated 
and of equal magnitude, in immediate juxtaposition, the one seen 
by the right and the other by the left eye ; and any difference in 
their distinctness, quality, brilliancy, or colour, will be as clearly 
and instantly perceivable as the comparative brilliancy of spaces 
illuminated by two different lights in the photometer. I have 
already experimented with this apparatus upon my own eyes, the 
result of which is, that I find that the sight of the right eye is 
much better than that of the left, the figures to the left of being 
always more distinct than those to the right of it : but, what is 
more remarkable, I find that the transparency of the humours of 

203 



COMMON THINGS — SPECTACLES. 

the right eye is more perfect than that of the hnmours of the left 
eye, for the space to the right of always appears less bright 
than the space to the left of it. 

19. To apply this instrument for the purpose of adapting spec- 
tacle lenses to eyes of nnequal powers of vision, it is necessary 
first to ascertain the existence of the inequality of power in the 
manner already explained. It would then be necessary to provide 
two distinct screens on which similar scales might be drawn, so 
that they might be placed at different distances from the aperture 
M K. Let their relative distances be then determined, so that 
the two eyes would see the scales with equal distinctness. These 
distances will then represent the focal lengths of the divei^ent 
lenses which it would be necessary to provide for the eyes, so as 
to make them see different objects with equal distinctness. 

In the case of weak-sigjited eyes, this method will not be appli- 
cable. In that case let the two screens be placed at equal dis- 
tances from the aperture H n, and let lenses be selected for each 
eye separately, closing the other, so as to give a distinct perception 
of the scales. The two lenses being then simultaneously applied 
to the eyes, let the scale be viewed with both eyes open. If the 
lenses be adapted to correct the defect of vision, the two parts of 
the scale to the right and to the left of 0, seen at the same time by 
each eye alone, will appear of uniform brilliancy and distinctness. 

If defective eyes were tested by this method, I believe it would 
be found that inequality of vision would be much more common 
than is generally supposed, and accordingly the adaptation of 
spectacles would be considerably improved. 

20. Cases occur not only in which the comparative powers of 
vision of the two eyes differ, but in which the power of vision, 
even of the same eye, is different when estimated in different 
directions. 

I have known short-sighted persons who were more short- 
sighted for objects taken in a vertical than in a horizontal direc- 
tion. Thus with them the height of an object would be more 
perceptible than its breadth, and in general, vertical dimensions 
more clearly seen than horizontal. This difference arises from 
the refractive power of the eye taken in vertical planes being 
different from the refractive power taken in horizontal planes ; 
and the defect is accordingly removed by the use of lenses whose 
curvatures, measured in their vertical direction, is different from 
their curvature measured in their horizontal direction. The 
lenses, in fact, instead of having spherical surfaces, have elliptical 
surfaces, the excentricities of w^ich correspond with the varia- 
tion of the refractive power of the eye. 
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CHAPTEB L 
I. Coloim depend upon nfl«atod I%ht«. — 2. Bodin laminoai and nan* 
laniinDiUL — 3. Lnminuies. — 4. Non-lnminom bodiea, — 6. Tnuu- 
1X061107 and opadl;. — 0. TramparencT nerer perftet. — 7. Opadlf 
never perfect — 8. Bodiea rmdwed visible by reflectfld ligtt. — 9. 
Imgulu rafleetion. — 10. Reflectjng poireni v*ij. — 11. The blwkeM 
bodf reflecti lome light — 12. IrregnUr reflection moemaij to Ttuon. 
—13. Uie of the atmosphere in difFiuing light. 

1. Tbe colours of objects, natural and artificial, depend on the 
light which they have the peculiar property of reflecting. A red 
object is one vhich is capable of reflecting red light exclusively, 
or at least in a much larger proportion than the lights of other 
colours. A green object is one which has the property of re- 
flecting a predominance of green light, and so on. 

These effects, familiar as they are to eveiy one from the moment 
the senses are excited by external objects, are, nerertheless, 
very imperfectly understood, and often altogether misnndersfood. 
Indeed, it was not until the time of Newton that the tme phyucal 
cause of the colours of Tisible objects was folly explained. 

The phenomena depend on certain properties of light, which 
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must be understood before it is possible that the causes of colour 
can be rightly comprehended. 

2. In relation to the production of light, bodies are considered 
as luminous and non-luminous. 

3. Luminous bodies, or luminaries, are those which are original 
sources of light, such, for example, as the sun, the flame of a lamp 
or candle, metal rendered red-hot, the electric spark, lightning, 
and so forth. 

Luminaries are necessarily always visible when present, pro- 
Tided the light they emit be strong enough to excite the eye. 

4. Non-luminous bodies are those which themselves produce no 
light, but which may be rendered temporarily luminous when 
placed in the presence of luminous bodies. These cease, however, 
to be luminous, and therefore visible, the moment the luminary 
£rom which they borrow their light is removed. Thus the sun, 
placed in the midst of the planets, satellites, and comets, renders 
these bodies luminous and visible; but when any of them }? 
removed from the solar influence by the interposition of any object 
not pervious by light, they cease to be visible, as is manifest in 
the case of lunar eclipses, when the globe of the earth is inter- 
posed between the sun and moon, and the latter object is therefore 
deprived of Hght. A candle or lamp placed in the room renders the 
walls, furniture, and surrounding objects temporarily luminous, and 
therefore visible ; but if the candle be screened by any object not 
pervious to light, those parts of the room from which light is inter- 
cepted would become invisible, did they not receive some light 
from the other parts of the room still illuminated. If, however, 
the candle or lamp be completely covered, all the objects in the 
room become invisible. 

5. In relation to the propagation of light, bodies are considered 
as transparent and opaque. Bodies through which light passes 

■ freely are called transparent, because the eye placed behind them 
will see such light through them. Bodies, on the contrary, 
which do not admit light to pass through them, are called opaque; 
and such bodies consequently render a luminary invisible if inter- 
posed between it and the eye. 

Transparency and opacity exist in various bodies in d^erent 
degrees. Glass, air, and water are examples of very transparent 
bodies. The metals, stone, earth, wood, &c. are examples of 
opaque bodies. 

Correctly speaking, no body is perfectly transparent or perfectly 
opaque. 

6. There is no substance, however transparent, which does not 

intercept some portion of Hght, however small. The light is thus 

intercepted in two ways; first, when the light falls upon the 
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STirface of any b6dy or medium, a portion of it is arrested, and 
either absorbed upon tbe surface, or reflected back from it ; the 
remainder passes through the body or medium, but in so passing 
more or less of it is absorbed, and this increases according to the 
extent of the medium through which the light passes. Ajialogy, 
therefore, justifies the conclusion that there is no transparent 
medium which, if sufficiently extensive, would not absorb all the 
light which passes into it. 

A very thin plate of glass is almost perfectly transparent, a 
thicker is less so, and according as the thickness is increased the 
transparency will be diminished. The distinctness with which 
objects are seen through the air diminishes as their distance in- 
creases, because more or less of the light transmitted from them 
is absorbed in its progress through the atmosphere. This is the 
case with the sun, moon, and other celestial objects, which when 
seen near the horizon are more dim, however clear the atmosphere 
may be, than when seen in the zenith. In the former case, the 
light transmitted from them passes through a greater mass of 
atmosphere^ and more of it is absorbed. According to Bouguer, 
sea- water at about the depth of 700 feet would lose all its trans- 
parency, and the atmosphere would be impervious to the sun's 
light if it had a depth of 700 miles. 

The transparency of the same substance varies according to the 
density of its structure, the transparency generally increasing 
with the density. Thus, charcoal is opaque, but if the same char- 
coal be converted into a diamond, which it may be, without any 
change of the matter of which it is composed, it will become 
transparent. 

Bodies are said to be imperfectly transparent, or semi-transpa- 
rent, when light passes through them so imperfectly, that the 
forms and colours of the objects behind them cannot be distin- 
guished. Groimd glass, paper, and thin tissues in general, foggy 
air, the clouds, horn, and various species of shell, such as tortoise- 
shell, are examples of this. 

The degrees of this imperfect transparency are infinitely various, 
some substances, such as horn, being so nearly transparent as to 
render the form of a luminous object behind it indistinctly visible. 
Porous bodies, which are imperfectly transparent, usually have 
their transparency increased by filling their pores with some trans- 
parent liquid. Thus paper, which is imperfectly transparent, is 
rendered much more transparent by saturating it with oil, or by 
wetting it with any liquid. The variety of opal called hydrophane 
is white and opaque when dry, but when saturated witii water it 
becomes transparent. Ground glass is rendered more transparent 
by pouring oil upon it. Two plates of ground glass placed one upon 
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the other are very imperfectly transparent ; but if the space between 
them be filled with oil, and their external surfaces be rubbed with 
the same liquid, they will be rendered nearly transparent. 

7* Bodies, however opaque, lose their perfect opacity wben 
reduced to the form of extremely attenuated laminse. Gold, one of 
the most dense of metals, is, in a state of ordinary thickness, per- 
fectly opaque ; but if it be reduced to the form of leaf-gold by the 
process of the gold-beater, and attached to a plate of glass, light 
will pass partially through it, and to an eye placed behind it, it 
will appear of a greenish colour. Other metals, when equally 
attenuated, show the same imperfect opacity. 

8. When rays of light encoimter the surface of an opaque body, 
they are arrested in their progress, such surfaces not being pene- 
trable by them. A certain part of them, more or less according 
to the quality of the surface and the nature of the body, is ab- 
sorbed, and the remaining part is driven back into the medium 
from which the rays proceed. This recoil of the rays from the 
surface on which they strike is called reflection, and the light thus 
retoming into the same medium from which it had axiived, is said 
to be reflected. 

The manner in which the light is reflected from such a surface 
varies according as the surface is polished or unpolished, and ac- 
cording to the degree to which it is polished. 

If light fall upon a uniformly rough surfiEU^e of an opaque body, 
each point of such surface becomes the focus of a pencil of reflected 
light, the rays of such pencil diverging equally in all directions 
from such focus. 

The pencils which thus radiate from the various points are those 
which render the surface visible. If the light were not thus re- 
flected indifferently in all directions from each point of the sur&ce, 
the surface would not be visible, as it is from whatever point it 
may be viewed. 

The light which is thus reflected from the various points upon 
the surface of any opaque body, has the colour which is commonly 
imputed to the body. The conditions, however, which determine 
the colour of bodies will be fully explained hereafter. For the 
present, it will be sufficient to establi^ the fact, that each point 
of the surface of an opaque body which is illuminated is an inde- 
pendent focus from which light radiates, having the colour proper 
to such point, by which light each such point is rendered vidble. 

9. This mode of reflection, by which the forms and qualities of 

fill external objects are rendered manifest to sight, has been 

generaUy denominated, though not as it should seem with strict 

propriety, the irregular reflection of light. 

There is, nevertheless, nothing irregular in the character of the 
«0 
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phenomena. The direotion of the reflected raya is independent of 
each of the inaident rays ; but, neTeithelesa, such direotion obeys 
the common law of radiation. 

The exJBtcnoe of these radiant pencils proceeding from the snr- 
face of any illnminated object, and their independent propagation 
through the aarrounding epaoe, may be rendered stdU more mani- 
fest by the following eiperiment. 

[ illuminated object, placed before the 



window-shutter of a darkened room, 
made in the window-Bhatter, opposite the 
cenfi« of the object. If a screen be held 
parallel to the window^shntter, and the 
object at some distance from the hole, on 
inverted piotnre of the object will be seen 
upon it, in which the form and cobnr of 
the object will be preseihed ; the magni- 
tude, however, of such picture will vary 
according to the distance of the screen 
from iba aperture. The less mch distance, the 1 
magnitude of the picture. 
^ Whether the object is Immnons, as in fig. 2, 



a smaU hole 




.f==- 




teoaves light feom a luminary, aa in fig. 3, the image will be 
equally produced and inverted, wily it will be less brilliant in the 
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case of an object illuminated by another, as in fig. 3, than in that 
of a luminary, as in fig. 2. 

This effect is easily explained. According to what has been 
already stated, each point of the surface of the illuminated object 
A B is a focus of a pencil of rays of light having the colour pecu- 
liar to such point. Thus, each portion of the pencil of rays which 
radiates from the point B, and has for its base the area of the 
aperture c, will pass through the aperture, and will continue its 
rectilinear course until it arrives at the point h upon the screen, 
where it will produce an illuminated point corresponding in colour 
to the point B. 

In the same manner, the pencil diverging from a, and passing 
through the aperture c, will produce an illuminated point on the 
screen at a, corresponding in colour to the point a. 

Each intermediate point of the object will produce a corre- 
sponding illuminated point on the screen. It is evident, therefore, 
that a series of illuminated points corresponding in arrangement 
and colour to those of the object will be formed upon the screen 
between a and. 6, their position, however, being inverted, the 
points which are highest in the object will be lowest in ike 
picture. 

These effects may be witnessed in an interesting manner in any 
room which is exposed to a public thoroughfare frequented by 
moving objects. Let the window-shutters be closed and the 
interstices stopped so as to exclude all light except that which 
enters through any small hole in them, and^if no hole be found in 
the shutters sufficiently small, a piece of paper or card may be 
pasted over any convenient aperture, and a hole of the required 
magnitude pierced in it. CJoloured inverted images of all the 
objects passing before the window will thus be depicted on a screen 
conveniently placed. They will be exhibited on the opposite wall 
of the room ; but unless the wall be white, the colours will not 
be distinctly perceptible. The smaUer the hole admitting the 
light is, the more distinct but the less bright the pictures wHl be. 
As the hole is enlarged the brightness increases, but the distinct- 
ness diminishes. The want of distinctness arises from the spots 
of light on the screen, produced by each point of the object over- 
laying each other, so as to produce a confused effect. 

10. Surfaces differ from each other in the proportion of light 
which they reflect and absorb. In general, the lighter the colour, 
other things being the same, the more light will be reflected and 
the less absorbed, and the darker the colour the less will be re- 
flected and the more absorbed ; but even the most intense black 
reflects some light. A surface of black velvet, or one blackened 

with lamp-blacky axe among the darkest known, yet each of these 
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reflects a certain quantity of rays. That they do so we peroeiye 
by the fact that they are visible. The eye recognises such surfaces 
as differing from a dark aperture not occupied by any material 
surface, and it can only thus recognise the appearance of the ma- 
terial surface by the light which it reflects. The following expe- 
riment, however, will render this more evident. 

11. Blacken the inside of a tube, and fasten upon the extremity 
remote from the eye a plate of glass. To the centre of this plate 
of glass attach a circular opaque disk, somewhat 
less in diameter than the tube, so that in looking _ ^ 
through the tube a transparent ring will be 
visible, as represented in fig. 4. In the centre 
of this transparent ring will appear an intensely 
dark circular space, being that occupied by the 
disk attached te the glass. 

Jl^ow, let a piece of black velvet be held oppo- 
site the end of the tube, so as to be visible through the transpa- 
rent ring. If the velvet reflected no light, then the transparent 
ring would become as dark as the disk in the centre ; but that 
will not be the case. The velvet will appear by contrast with the 
disk, not black, but of a greyish colour, proving that a certain 
portion of light is reflected, which in this case is rendered percep- 
tible by the removal of the brighter objects from the eye. 

12. Irregular reflection, as it has been so improperly called, is 
one of the properties of light which is most essential to the efii- 
ciency of vision. 

Without irregular reflection, light must be either absorbed by 
the surfaces on which it falls, or it must be regularly reflected. 
If the light which proceeds from luminous objects, natural or arti- 
ficial, were absorbed by the surface of objects not luminous, then 
tbe only visible objecte in the universe would be the sim, the stars, 
and artificial lighte, such as flames. 

These luminaries would, however, render nothing visible but 
themselves. 

If the light radiathig from luminous objects were only reflected 
regularly from the surface of non-luminous objects, these latter 
would still be invisible. They would have the effect of so many 
mirrors, in which the images of the luminous objects only could be 
seen. Thus, in the day-time, the image of the sim would be 
reflected from the surface of all objecte aroimd us, as if they were 
composed of looking-glass, but the objecte themselves would be 
invisible. The moon would be as though it were a spherical 
mirror, in which the image of the sun only would be seen. A 
room in whaoh artificial lighte were placed would reflect these 
lighte from the walls and other objects around as if they were 
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speculai and all that would be yisible would be tbe multiplied 
reflections of the artificial lights. 

Irregular reflection, then, alone renders the forms and q^ualities 
of objects visible. It is not, however, merely by the first irre- 
gular reflection of light proceeding from luminaries by which 
^is is effected. Objects illuminated and reflecting irregularly the 
light from their surfaces, become themselves, so to speak, second- 
ary luminaries, by which other objects not within the direct 
influence of any luminary, are enlightened, and these in their 
turn reflecting light irregularly from their surfaces, illuminate 
others, which again perform the same part to another series of 
objects. Thus light is reverberated from object to object through 
an infinite series of reflections, so as to render innumerable objects 
visible which are altogether removed &om the direct influence of 
any natural or artificial source of light. 

13. The globe of the earth is surrounded with a mass of atmos- 
phere extending forty or fifty miles above the surface. 

The mass of air which thus envelopes the hemisphere of the 
earth presented towards the sun, is strongly illuminated by the 
solar light, and, like all other bodies, reflects irregularly this 
light. Each particle of air thus becomes a luminous centre, 
from which light radiates in every direction. In this manner, 
the atmosphere diffuses in all directions the light of the sun 
by irregular reflection. Were it not for this, the sun's light 
could only penetrate those spaces which are directly accessible 
to his rays. Thus, the sun shining upon the window of an 
apartment would illuminate just so much of that apartment as 
would be exposed to his direct rays, the rest remaining in 
darkness. But we find, on the contrary, that although that 
part of the room upon which the sun directly shines is more 
brilliantly illuminated than the surrounding parts, these latter 
are nevertheless strongly illuminated. All this light proceeds 
from the irregular reflection of the mass of atmosphere just 
mentioned. 
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14. But the Bolar light is farther diffused by being again iree- 
gularly reflected froai the sur&oe of all the natural objects Tipon 
whioh it faUs. The light thus irregularly reflected from the air 
falling upon all natural olgects, ia again reciprocally reflected ftom 
one to another of these thiongh an indeflnite series of multiplied 
refleotiona, so as to produce that diffused and general Ulumimttion 
which is necessary for the purposes of vision. 

Light and shade are relative terms, signifying only different 
degrees of illumination. There ia no shade so dark into -which 
some light does not penetrate. 

IiABonR's Mdsedii or Scieitoe, f 05 

No. Bl. 



COMMON THINGS — COLOUE. 

It is the same with artificial lights. A lamp placed in a room 
illuminates directly all those objects accessible to its rays. These 
objects reflect irregularly the light incident upon them, and illu- 
minate thus more faintly others which are removed from the 
direct influence of the lamp, and thus, these again reflecting the 
light, illuminate a third series still more faintly; and so on. 
When it is desired to diffuse uniformly by reflection the light 
which radiates from a luminary, the object is often more effectu- 
ally attained by means of an unpolished opaque reflector than 
by a polished one. White paper or card answers this purpose 
very effectually. Shades formed into conical surfSaces placed 
over lamps are thus found to diffuse by reflection the light 
in particular directions, as in the case of billiard-tables or 
dinner-tables, where a uniformly diffused light ib required. A 
polished reflector, in a like case, is found to diffuse light much 
more unequally. 

In case of white paper or card, each point becomes a centre of 
radiation, and a generid and uniform illumination is the conse- 
quence. The light obtained by reflection in such cases is always 
augmented by rendering the reflector perfectly opaque ; for if it 
be in any degree transparent, as is sometimes tiie case with paper 
shades put over lamps, the light which passes through them is 
necessarily subtracted from that which is reflected. 

15. We have stated that the colour of objects is that of the 
light which they reflect. It may then be asked how it happens 
that objects illuminated by the white light of the sun are not 
all white instead of haying the infinitely various tints of colour 
by which they are characterised. The answer is, that the white 
light of the sun itself is a composition of all these various hues ; 
that some objects reflect only the component lights of particular 
tints, and others those of other tints ; that, in fact, the solar 
light falling on an object is generally decomposed, a part of it 
being absorbed by, or transmitted through, the object, and a 
part only reflected, and the object appears to have the colour 
peculiar to this latter part. 

16. That solar light is actually a compound of lights of various 
tints was established by Newton by means of a memorable and 
beautiful experiment. 

Let a ray of solar light be admitted through a small hole, F 
(fig. 5.) in a screen or partition s T, all other light being excluded 
from the space into which the pencil enters. If a white screen 
X z be placed parallel to s t, and at a distance from it of about 
12 feet, a circular spot of light nearly equal in diameter to the 
hole will appear upon it at p', the point where the direction of 
the pencil meets the screen. Now let a glass prism, such as is 
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■kovn in flg. 6, be placed at A B c, with &e edge of ita refraoting 
angle B in a horizontal direotioD, and presented downwards so aa 




Flg.<. 



to leoeive tlie pencil npon its aide a b at a. Acoording to a 
irell known prinoiple in optioB, the pencil would be refracted, in 
passing through the surface a b, in the direc- 
tion tt L towards the perpendicular ; and it 
wonld be again te&acted, in emerging from < 
tlie surface c B, from the perpendicular in the 
direction IK. It might Uierefore be expected 
that the effect of the prism woold be merely 
to move the spot of light irom f" to some point, 
such as K, more elevated upon the Bcreeii. 
The phenomenon, however, will be very diffe- 
rent. Instead of a spot of Ugbt, the screen 
will present an oUong coloured space, the 
oatlins of which is represented at m N as it 
would appear when viewed in front of the 
screen. A perspective view of the arrange- 
ment for making this celebrated experiment ' 
is given in fig. 7, p. 65. 

17. The sides of this oUong figure are poralle], straight, and 
Terticid. Its ends ore semi-circular, and its length ooasista of 
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a series of seven spaoes, tividly coloured, the lowest c^ce being 
red, b; the next in ascending, orange, o; and the succeeding 
spaces, yellow, t ; green, 6 ; light blue, b ; dark blue or indigo, 
I ; and, in fine, yiolet, t. 

These several coloured spaces are neither equal in magnitude 
nor uniform in colour. The red space B, commencing at the 
lowest point with a faint red, increases in brilliancy and in- 
tensity upwards. The red, losing its intensity, gradually melts 
into the orange, so that there is no definite line indicating where 
the red ends and the orange begins. In the same manner^ the 
orange, attaining its greatest intensity near the middle of the 
space, gradually melts into the yellow ; and in the same manner, 
each of the succeeding colours, having their greatest intensities 
near the. middle of the spaces, melts towards its extremities into 
the adjacent colours. 

The proportion of the whole length occupied by each space will 
depend upon the sort of glass of which the prism is composed. 
If it be flint-glass, and the entire length H N be supposed to oon- 
sist of 360 equal parts, the following will be the length of each 
succeeding colour, commencing from the red upwards. 



Bed ...... 56 

Orange 27 

YeUow 27 

Ghreen i 46 

Blue 48 

Indigo 47 

Violet ...... 109 

860 



It appears, therefore, that the ray of light f q, after passing 
through the prism, is not only deflected from its original course 
p Q p*, but it is resolved into an infinite number of separate rays 
of light which diverge in a fan-like form, the extreme rays being 
L K and L s', the former being directed to the lowest point of the 
coloured space upon the screen, and the latter to the highest 
point. The coloured space thus formed upon the screen is called 
thfe prismatic spectrum, 

18. From this experiment the following consequences are 
in jerred : — 

1**. Solar light is a compound principle, composed of several 
parts differing from each other in their properties. 

2°, The several parts composing solar light differ from each 
other in refrangibility, those rays which are directed to the 
lowest part of the spectrum being the least refrangible, and those 
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directed to the highest part being the most refrangible ; the rays 
directed to the intermediate parts haying intermediate degrees of 
refrangibility. 

3°. Kays which are differently refrangible are also differently 
coloured. 

4^. The least refrangible rays composing solar light are the 
red rays, which compose the lowest division b of the spectrum. 
But these red rays are not all equally refrangible, nor are they 
precisely of the same colour. The most refrangible red rays are 
those which are deflected to the lowest point of the red space s, 
and the least refrangible are those which are directed to the 
point where the red melts into the orange. Between these there 
are an infinite number of red rays haying intermediate degrees 
of refrangibility. The colour of the red rays yaries with their 
refrangibility, the most intense red being that of rays whose 
refrangibility is intermediate between those of the extreme rays of 
the red space. 

The same obseryations will be applicable to rays of all the other 
colours. 

5*^. Each of these components of solar light haying a different 
refrangibility will haye for each transparent substance a different 
index of refraction. Thus the index of refraction of the red rays 
will be less than the index of refraction of the orange rays, and 
that of these latter will be less than the index of refraction of 
the yellow rays, and so on; the index of refraction of yiolet rays 
being greater than for any other colour. 

But the rays of each colour being themselyes differently refran- 
gible, according as they fall on different parts of the coloured 
space, they will, strictly speaking, haye different indices of re- 
fraction. The index of refraction, therefore, of any particular 
colour must be understood as expressing the index of refraction 
of the middle or mean ray of that particular colour. Thus, the 
index of refraction of the red rays will be the index of refraction 
of the middle ray of the red space ; the index of refraction of the 
orange rays will be the index of refraction of the middle ray of 
the orange space ; and so on. 

It must not, howeyer, be supposed that a pencil of solar light 
consists of separate and distinct rays of different colours which 
form the spectrum, so that it might be possible by any mechanical 
division of such a pencil to resolve it into such rays. Each indi- 
vidual ray of such a pencil is composed of all the rays of the 
spectrum, just as the gases oxygen and hydrogen, which are the 
chemical constituents of water, enter into the composition of each 
particle of that liquid, no matter how minute it be. 

19. As the solar light is resolved by the prism into the various 
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colonKd lights exiubited in the Bpeotnun, it migbt be expected 
that, tlie» oolonted lighta being mixed together in the proportion 
in which they are found in the Bpeotrum, white light would be 
reprodnoed. This ia acoocdingly found to be the case. If the 
Bpedrnm fanned by the prism a b c (flg. 8.) instead of being 
thrown upon a screen, be leceived upon n concaTe reflector u s, 

FI2.S. 




the rays which diverged from the prism and formed the speo- 
tnim will be reflected conTerging to the foous r; and after 
intersecting each other at that point, they will again dive^e, 
the ray b p passing in the direction f b', and v f in the 



Now, if a screen be held between f and the reflector, tbe 
spectrum will be seen upon tiie screen. If the screen be then 
moyed from the reflector towards the focus p, the speotnun opon 
the screen will gradually diminish in length, the extreme eoloois 
B and T approaching each other. Wben it oomes so near to F 
that the extreme limits of the red and violet touch each otlier, 
the central point of the E^>eetrnin will become white; and when 
the screen arrives at the point p, the coloured rays being all 
mingled together, the spectrum will be rednoed to a white 
oolourless spot. 

Just before the screen arrives at f, it will present tlie ^pear- 
ance of a white spot, fringed at the top with the oolotirs forming 
the upper end of the spectrum, violet, blue, and gteen, and at the 



RECOMPOSITION OF LIGHT. 

bottom with those fonning the lowet end of the spectrom, red, 
orange, and yellow. This effect is explained by the fact, that 
until the screen is brought to the focus p, the extreme rays at 
the other end of the spectrum arc not combined with the other 
colours. 

If the screen be removed beyond p, the same succession of 
appearances will be produced upon it as were exhibited in its 
approach to p, but the colours will be shown in a reversed 
position. 

As the screen leaves F, the white spot upon it is fringed as 
before, but the upper fringe is composed of red, orange, and 
yellow, while the lower is composed of violet, blue, and green; 
and when the screen is removed so far from the focus p as to pre- 
vent the superposition of the colours, the spectrum will be 
produced upon it, with the red at the top, and the violet at* the 
bottom, the position being inverted with respect to that which the 
screen exhibited at the other side of the focus. These circum- 
stances are all explained by the fact that the rays converging to p 
intersect each other there. 

20. Similac effects may be produced by receiving the spectrum 
upon a doable convex lens, as represented in fig. 9. The rays 

Tig, 9. 




are made as before to converge to a focus p, where a white spot 
would be produced upon the screen. Before the screen arrives at p, 
and after it passes it, the same effects will be produced as with 
the concave reflector. 

21. The proposition, that the combination of colours exhibited 
in the prismatic spectrum produces whiteness, may be further 
verified by the following experiment : — 

Let a circular card be framed with a blackened eirde, and its 
centre surrounded by a white circular band, and a black external 
border, as represented in ^, 11. 

Let the white circular band, be divided into seven spaces pro- 
portional in magnitude to the spaces occupied by the seven colours 
in the prismatic spectrum, these spaces being b, o, t, o, b, i, andT. 
Let these spaces be respectively coloured with artificial colours 
resembling as near as practicable in their tints the colours of the 
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■peottnm. If the oentre of this card be [daced upon a spindle, 
md a very rapid motion of rotation be imparted to it, tiie ring on 




vMoh the Kven oolonnare painted will present the appearance of 
a gieyisb whit«. In this osae, if all the colonra except one were 
coverad with black, the revolnng card wonld present the appear- 
ance of a continnoos ring of that oobar ; and, conseqnently, if 
all the coiDored spaces be nncorered, KYen continiiouB tings of 
the several ooloors wonld be prodaced; bat tJiese rings being 
superposed and mingled together will produce the same effect on 
the sight as if all the seTen colours were mixed togetber in tike 
proportion which thej ocaapy on the card. If the colours were as 
intense and as pure as tUej are in the spectrum, the revolving 
card would exhibit a perfectly white ringi bnt as the colours of 
natural bodies are never perfeotly pure, the colour produced in 
•this case is grejish. 

This experiment may be farther varied by leaving nnoovered 
any two, three, or more combinations of the odonis depicted on 
the card. In such case the rotation of the card produces tlie 
ajqiearanoe of a ring of that oobur which would result &om the 
mixture of the colours left uncovered ; thus, if the red and 
yellow spaces remain uncovered, the card will produce the appear- 
ance of an orange ring ; if the yellow and bine remain uncovered, 
it will produce the appearance of a green ring; and so on. 

The following pretty ezperimeat, illustrating the recomposition 
of light, was snggested by Newton. 

The spectrum is leoeived npon seven plane reflectors, as shown 
in fig. 10, p. ST, which are so suspended as to be capable of 
shifting their planes at pleasure. They are so o^jasted as to receive 
the light prooeeding from the prism, which correspond to the seven 
different ooloura, and to reflect it t« the same point npon a screen 
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conyeniently placed, or npon the ceiling of the room. The spot 
of light thus produced will be white. 

22. Although the phenomena attending the prismatic spectrum 
prove that rayB of light which differ in refrangibility also differ 
in colour, the oonyerse of this proposition must not be inferred ; 
for it is easy to show that two lights which are of precisely the 
same colour, may suffer very different effects when transmitted 
through a prism. 

Let us suppose two holes made in the screen on which the 
spectrum is tlirown in the middle of the space occupied by the 
blue and yellow colours, so that rays of tiiese colours may be 
transmitt^ through the holes. Let these rays be received upon a 
double convex lens, and brought to a focus at e^ (fig. 12) upon 
a sheet of white paper, so as to illuminate 
the spot e\ The colour that it produces then 
will be a green. Let another spectrum be now 
thrown by a prism upon the screen, and let a 
hole be made in the screen at that part of the 
green space where the tint is precisely similar 
to #ie colour produced at o' on the white paper, 
and let the light which passes through this 
hole fall upon tiie spot a beyond a\ 

The spaces a and a* will then be illuminated 
by lights of precisely the same colour ; but it 
ivnll be easy to show that these lights are not 
similarly refrangible. 

Let them be viewed through a prism having 
its refracting angle presented upwards. The 
image of the iUuminated space e will be seen in 
a more elevated position at g ; but two images 
will be produced of the space g', one yellow and the other blue 
at y and &, the yellow image y being a little below ^, and the 
blue image b a little above it. Thus it is evident that the 
green light on the space e' is a compound of yellow and blue, 
and is separable into its constituents by refraction, while the 
similar green light on the space a is incapable of decomposition 
by refraction. 

23. An endless variety of tints may be produced by combining 
in various ways the colours composing the prismatic spectrum ; 
indeed, there is no colour whatever which may not be pitoduced 
by some combination of these tints. Thus, all the shades of red 
may be produced by combining some proportion of the yellow and 
orange with the prismatic red ; all the shades of orange may be 

i produced by combining more or less of the red and yellow with 
each other and with the orange ; all the shades of yellow may 
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be produced by varying the proportion of green, yellow, and 
orange ; and so on. 

24. If two tints T and i* be produced, the former T by com- 
bining a certain number of prismatic colours, and the latter if by 
combining the remainder together, these two tints t and t^ are 
called complementary f because each of these contains just those 
colours which the other wants to produce complete whiteness ; and, 
consequently, if the two be mired together, whiteness will be the 
result. Thus, a colour produced by the combination of the red, 
orange, yellow, and green of the spectrum in their just proportions, 
will be complementary to another colour produced by tiie blue, 
indigo, and violet in tiieir just proportions, and these two colours, 
if mixed together, would produce whiteness. 

25. Almost all colours, natural or artificial, except those of the 
prismatic spectrum itself, are more or less oompounded, and their 
combined character belongs to them equally when they have tints 
identical with the coloured spaces of the spectrum. Thus, a 
natural object whose colour is indistinguishable £rom the yellow 
space of the spectrum, will be found, when subjected to the action 
of the prism, to refract light in which there is more or leis of 
green or orange ; and an object which appears blue will be found 
to have in its colour more or less of green and violet. 

26. Instead of receiving the spectrum on a screen, it may be 
viewed directly by placing the eye behind the prism A b c, %, 13 

Fig. 13. 
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at L, so as to receive the light as it emerges. This mode of 
observing the prismatic effects is in many cases more convenient 
than by means of the screen, colours being thus rendered observ* 
able which would be too feeble to be visible after reflection from 
the surface of the screen. It is necessary, however, to consider ' 
that in this manner of viewing the prismatic phenomena, the 
colours will be seen in an order the reverse of tiiat which they 
would hold on the screen ; foi if the eye be placed at L, it wiU 
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receive the violet ray wMcli enters in the direction l v as if such 
ray had proceeded from V, and it will receive the red ray which 
enters it in the direction b as if it had proceeded from b' ; the red 
will therefore appear at the top, and the violet at the hottom of 
the spectrum, when the refracting angle b of the prism is turned 
downwards. 

But if the refracting angle B be turned upwards, as repre- 
sented in fig. 14, then the red will appear at the bottom, and 
the violet at the top of the spectrum, as will be perceived from 
the figure. 

FIfif 14. 
V 




27. In general, when objects are viewed through a prism they 
appear with their proper colours, except at their boundaries, 
where they are fringed with the prismatic tints in directions- 
parallel to the edge of the refracting angle of the prism. 

Let A A H H, (fig. 15,) be a small rectangular object seen upon su 
black ground, the sides A H being vertical, and A a and M H 
horizontal. Let us first suppose that this object has the colour 
of a pure homogeneous red. If this object be viewed through a 
prism whose refracting angle is directed upwards with its edge 
horizontal, it will be seen in a more elevated position, such as- 
a a m m, as already explained. 

Let us next suppose that the object a a h h has the colour 
of a pure homogeneous orange. When viewed through the prism 
it will, as already explained, appear in a position 5 5 n n, a little- 
above a a m m. 

If we next suppose the object a a h H to be coloured with 
homogeneous yellow, it will be raised by the prism to c c o o, a 
little above the orange image. 

If it be next supposed to have the colour of a prismatic 
green, it will be seen ai d d p p^ a little above the yellow 
image ; and if it be coloured light blue, its image will be seen 
aXe e qqy above the green image ; if it be dark blue or indigo^ 

75 



COMMON THINGS — COLOUR. 



Fig. 15. 
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its image will be in the position f f r r : if it be violet| its 

image will be in the position g g s b, 

NoWy if we suppose the object A A k h to be 
white, that is to say^ to have a colour which 
combines all the prismatic colours together, then 
all these several images will be seen at once 
through the prism in the respective positions 
already described. They will therefore be more 
or less superposed one upon the other, and the 
image will exhibit in its different parts those tints 
which correspond to the mixture of the colours 
thus superposed. 

Hence it appears that the space between a a 
and b b from which all colour except the red is 
excluded, will appear red ; in the space between 
b b and c c, in which the orange image is super- 
posed upon the red image, a colour will be exhi- 
bited corresponding to the mixture of these two 
colours ; in the space between c c and d dy the 
three images red, orange, and yellow are super- 
posed, and a colour corresponding to the combi- 
nation of these will be produced. In fine, the 
colours which are superposed between every suc- 
cessive division of the upper and lower edges of 
the combined images are as follows, where the 
prismatic colours are designated by the capital 

letters, and their mixture or superposition by the sign + : 



i 



M 



M 



Between a a and h h 

bb 

c c 

dd 

e e 

ff 

99 



99 



„ c c 
ff d d 
„ e e 

„ // 

,» gg 



99 



>> 



mm 



B 

E + 

E + + Y 

R + + T + tt 

E + O + T + G + B 

E + + T + G + B + I 

R + + T + G + B + I+V=W. 



Thus it appears that the space between g g the bottom of the 
violet image and the top m m of the red image is coloured with 
^ white light, because in this space all the seven images are 
superposed. 

In the space between g g, the bottom of the violet image, and 
J'f, the bottom of the dark blue image, there is a space which is 
illuminated by all the prismatic colours except the violeti and this 
space consequently approaches so near a white as to be scarcely 
distinguishable &om it. The space between//, the bottom of the 
dark blue image, and e e, the bottom of the l^ht blue image, is 
illuminated by all the colours except the dark blue and indigo, 
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and It consequently has a yellowish tint. The succeeding divisions 
downwards towards a a become more and more red until they 
attain the pore prismatic red of the lowest division. The colours 
of the upper extremity of the image may in like maimer be shown 
to be as follows. 

Between a 8 and r r y 

, rr ,, qq v + i 

9 9 9 If PP V + I + B 

9 PP tt V+I + B+G 

I, 00 „ nn T + I + B+G + T 

, nn „ mm v + i + b + o + t + o 

fnm ,f gg v + i + B + a + T + o + R=xW. 

Thus it appears that the highest fringe at the upper edge is 
violet, that those which succeed it are formed by the mixture of 
violet and blue, to which green and yellow are successively, added, 
xmtil the colours become so completely combined that the fringe 
is scarcely distinguishable from a pure white. It is evident, there- 
fore, that at the lower extremity the reds, and at the upper the 
blues, prevail. 

If the object a a n n viewed through the prism be not white, 
then the preceding conclusions must be modified according to the 
analysis of its colour. Thus, if its colour be a green, it may be 
either a pure homogeneous green, or one formed by the combina- 
tion of blue and yellow or other prismatic tints. In the former 
case, the prism wUl exhibit the object without fringes, but in the 
latter it will be fringed according to the composition of its 
colour, determined by the same principles as those which have 
been applied to the object a a m m. 

28. In all that precedes it has been assumed that the light com- 
posing each part of the prismatic spectrum is simple and homo- 
-geneous. This conclusion, deduced by Newton, and adopted 
generally by all physical investigators since his time, is based 
on the assumption, that light which, beii^ refracted by transparent 
media, cannot be resolved into parts differently refrangible, is 
simple and homogeneous. 

Sir David Brewster, has, however, published the results of a 
series of observations, from which it would follow, that a pencil 
of light which does not consist of parts differently refrangible, 
may, nevertheless, be resolved into parts which have different 
colours ; in other words that the light of certain pali;s of the 
spectrum, such, for example, as orange and green, although 
simple so far as respects refraction, is compound so far as re- 
spects colour. Thus, the orange light may be resolved into two 
lights equally refrangible, but differing in colour, one being red 
and the other yellow ; and the green light may in like manner be 
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resolved into two eq^ually refrangible, one being yellow and the 
other blue. 

29. In a word, the observations and experiments of Sir David 
Brewster have led him to the conclusion that the prismatic 
spectrum consists in reality of three spectra of nearly equal length, 
each of uniform colour, superposed one upon another ; and that 
the colours which the actual spectrum exhibit arise from the mix- 
ture of the uniform colours of these three spectra superposed. 
The colours of these three elementary spectra, according to Sir 
David Brewster, are red, yellow, and blue. He shows that by 
the combination of these three, not only all the colours exhibited 
in the prismatic spectrum may be reproduced, but that their 
•combination also produces white light. He contends, therefore, 
that the white light of the sun consists not of seven, but of three 
constituent lights, red, yellow, and blue. 

This conclusion is established by showing that there is 
another method by which light may be resolved into its com- 
ponents, besides the method of refraction by prisms. In passing 
through certain coloured media, it is admitted that a portion of 
the light incident is intercepted at the surface upon which it is 
incident, and in its passage through the medium a part only is 
transmitted. 

Now, this property of colours is taken by Sir David Brewster 
as another method, independently of refraction, of decomposing 
colours. He assumes that such a medium resolves the light inci- 
dent upon it into two parts ; first, the part which it transmits ; 
and, secondly, the part which it intercepts. He concludes that 
these two parts are complementary, that is to say, that each con- 
tains what the other wants to make up white solar light ; or, more 
generally, that the incident light, whatever be its nature, must be 
assumed to be a compound, consisting of the light transmitted and 
the light intercepted. 

This being assumed, let a coloured medium, such as a plate 
of blue glass, be held between the eye and the spectrum. Cer- 
tain colours of the spectrum will be transmitted and others inter- 
cepted. If the colours of the spectrum be simple and homogeneous 
light, such as they are assumed to be in the Newtonian theory of 
the decomposition of light, then the consequence would be that 
the appearance of the spectrum seen through the coloured medium 
would consist of dark and coloured spots; those simple lights 
intercepted by the glass appearing dark, and those transmitted by 
the glass having their proper colour. For if each colour of the 
prism be, as is assumed in the chromatic theory, simple, 
then the plate of glass can make no change in its colour by 
transmission. 
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It must therefore be wholly transmitted, partly transmitted, 
or wholly intercepted. If it be wholly transmitted, no change 
will be made, therefore, in its colour or intensity ; if it be partly 
transmitted, its colour will remain the same, but its intensity 
will be diminished; if it be wholly intercepted, the space it 
occupied on the spectrum will be black. But these are not the 
effects, as Sir David Brewster states, which are observed. He 
finds, on the other hand, that the coloured spaces on the spec- 
trum are not merely diminished in intensity, but actually changed 
in colour. Now, if any space of the spectrum be changed in 
colour, it follows from what has been std,ted, that the light trans- 
mitted must be a constituent of the colour of that space, to which 
the light intercepted being added, they would reproduce the colour 
of the spectrum. By such an experiment as this. Sir David Brewster 
found tiiat the parts of the spectrum occupied by the orange and 
green lights produced yellow, from which he inferred that the 
glass intercepted the red, which combined with the yellow pro- 
duced orange, and the blue, which combined with the yellow 
produced green. But if the glass have the power of thus inter- 
cepting the red and blue light, it might be expected that the red 
and the blue spaces of the spectrum would appear dark. He 
accordingly found that the light of the middle of the red space was 
almost entirely absorbed, as was also a considerable part of the 
blue space. 

From experiments like these, which he made in great number, 
and under various conditions, Sir David Brewster deduced the 
conclusion to which we have adverted above. 

He inferred that at a point of the spectrum, red, yellow, and 
blue light are combined in various proportions, the colour of 
each part being determined by the proportional intensities of 
these three colours in the mixture. In the red space, the pro- 
portions of blue and yellow are exactiy those necessary to produce 
white light, but the red is in excess ; a portion of it combined 
with the blue and yellow produces a white light, which is red- 
dened by the surplusage of red. In the same manner, in the 
yellow space, the proportion of blue and red is that which is 
proper to white light, but there is a greater than the just propor- 
tion of yellow. 

A part of this combining with the blue and red produces 
white light, which is rendered yellow by the surpms. In the same 
manner exactiy, the blue space is shown to consist of a surplusage 
of blue, combined with the proportion of red and yellow, and the 
remainder of the blue necessary for whiteness. The other colours 
of the spectrum, according to Sir David Brewster, are secondary, 
or the result of combinations of red, yellow, and bluer 
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The means by which these three primary oolours produce the 
tuits of the spectrum may be more clearly understood by reference 

Figf. 16. 




jr 



to fig. 16, wherein ic n represents the prismatic spectrum with its 
usual tints. The curve m b n represents the varying intensity of 
the red spectrum, M Y N that of the yellow, and H B N that of 
the blue spectrum. The distance of each part of these curves 
respectively from n N is understood to be proportional to 
the intensity of the colour of that part, and the relative 
lengths of the perpendicular included within each curve repre- 
sents the proportion of the intensities of the combined colours. 
Thus, at the point j?, the three colours are mixed in the proportion 
of the lengtlis of the perpendiculars p n, p' n, p" n, the £rst 
representing the proportion of yellow, the second red, and the 
third blue ; the red and yellow predominating, the colour at this 
point will be orange. 

These observations and experiments, and the conclusions 
deduced from them by Sir David Brewster, have been now before 
the scientific world for more than twenty years. The experiments 
do not appear to have been repeated, nor the chromatic doctrine 
inferred from them to have been yet generally assented to or 
adopted. The chromatic analysis of Newton is the only theory 
advanced by physical authors. 
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1. Oiipn cf the DAme.— 2. Stmctore of Ibe mattimienl — 3. Ita optical 
effect. — 4. Yaiieties of its form. — S. Ite ocouionBl Dsa in tlie £rta. — 
6, Anotlier optical toj depending on two refleotlon>. 

1. This pretty optical toy, which is named from three Greek 
words, ™\oii flioi (Kalon eidos), a beautiful form, and omnr™ 
(akopeo) I see, depends upon the piopertieB of the looking-glaag. 

2. Two oblong slips of looking-glaas, Aaoc.andiabB, fig, 1, are 
placed edge to edge at A a, inclined to eachotheTatanangleof 60^. 




A '*■'■ 



Thus placed, they are fixed in a tube of tin or btosE of correspond- 
ing size, one end view of which is shown in fig. 2, where the circle 
A c B represents the tube, and A B and A c the edges of the plates 
of glass. One end of the tube is covered by two discs of glass, 
between which broken pieces of coloured glass or other transparent 
coloured object are placed loosely, so that they can fall frooi side 
to side, and take an infinit« variety of casual arrangements. The 
external disc is ground-glass, to prevent the view of external 
objects disturbing the efiect. The other end of the tube is covered 
by a diaphragm, with a small eye-hole in its centre, through 
which the observer looks at the coloured objects contained in die 
cell at the other end. Ho not only sees these objects, but also 
their reflection in each of the inclined glasses ; and when the angle 
of inclination is 60°, the object will be seen five times repeated in 
positions regularly disposed round the tine formed by the edges 
at which the glasses touch each other. 

3. The Bugolar space, B A c, included between the glasses, and 
every object within it, will be seen reflected in each glass. Thus 
BAG will be seen in the glass b A, as if it were repeated in the 
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epnoe B A c', and in the glass a c, bs if it were repeated in the 
spue c A. c'. Bnt this is not all. The reflection b a c* beocnoes 
an ol:ijeet before the glass A c, and being reflected by it, is repro- 
dnoed in the spaoe c" a c", and the reflection c a (f being tefleoted 
by the glou A s, ur^rodooed in the space C a c", Thus besides 

ng.s. 




the Tiew of the o1;ijeots themselreB which axe between the glasses, 
and wbioh would be seen if tlkore were no reflection, the observer 
will see tiie four lefleotions, two c A c' and c" A (^ to the right, 
and two B A c' and c' a c" to the left. 

But the reflection c' a cT is again reflected by llie glasa a c, 
and is seen in tiie space c"' a c^, and at llie same time the reflec- 
tion C A cT" is reflected in the glass A B, and is also reproduced 
in the same space C AC."' Thus it appears that this space c"ac"' 
reoeives the reflectiou of both glaBses. 

The observer looking through the eye-hole of the kaleidoscope 
sees a circle whose apparent diameter c c"istwioe AC the breadth 
of the refleotor. This circle is diyided into six angular spaces, two 
of which are the first reflections, and other two the second reflections 
of tiie inclined glasses. The other two conabt of the aotnal spaoe 
included between tite glasses, and a similar space opposite to it 
which receives at once the third reflection of boQi glasses. 

Bince looking-glasses never reflect all the light incident upon 
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them, these reflections will not be as yiyid as the direct yiew of 
the space b c; nor will they, compared one with another, be 
equally yiyid. The reflections b C and c' (f will be less yiyid than 
the object b c, but more so than the second reflections (f cf" and 
c" c"". The third reflection o'" c"" would be less yiyid than the 
second C' c''' and c" c"", if it proceeded only from one glass as do 
the latter. But it must be remembered that being the combined 
reflection of both glasses, the loss of brightness by the multiplied 
reflections of each glass i^ to some extent compensated. 

4. We haye here supposed that the glasses are inclined at 60*, 
but they may be inclined at any angle which is an aliquot part of 
360*. Thus if they are inclined lit 90*, the circular space or field 
of yiew round a will be diyided into four angular parts, and the 
same obseryations are applicable. If the glasses are inclined at 
an angle of 45°, the field of yiew will be diyided into eight equal 
angular spaces, seyen of which will be filled by the refiections. 

From what has been here explained, the unequal brightness of 
the angular spaces seen in the kaleidoscope will be understood. 
If, as is most common, the angle of the glasses be 60*, this is per- 
ceptible, but] if it be 45°, the repeated refiections so reduce the 
brightness as to impair the beauty of the effect. 

5. The effects of the kaleidoscope are yery striking, in conse- 
quence of the endless yariety of which they are susceptible, eyen 
with a single cell at the object end of the instrument ; but it may 
be so arranged that seyeral cells, including different collections 
of coloured objects, may be proyided, and may be changed one 
for another, fitting on the end of the tube like the coyer of the 
object glass of a telescope. 

The effects of this pretty little optical contriyanoe haye been 
occasionally rendered usefcJ. in the industrial arts, in suggesting 
patterns for carpets and other products of the loom. 

6. An amusing optical toy is represented in fig. 3, by means of 
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which objects may be seen, notwithstanding the interposition ot 
any opaque screen between them and the eye. The rays proceed- 
ing from the object f entering the tube d strike on the mirror I 
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placed at an angle of 45°, and are reflected downwards vertically 
to the mirror A, also placed at 45°, from which they are reflected 
horizontally to the mirror g placed at 45°, from which they are 
again reflected vertically to the mirror k placed at 45°, from which 
they are reflected horizontally to the eye at A. The eye thus sees 
the ohject after four reflections, the rays which render it visible 
having travelled round the rectangular tube Ihg k. 
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PUMPS. 
1. Bftrlieet methods oi nuiitig water. — 2. Backet in a welL — 3. By 
windlaw Mid rope. — 4. By two bnclieta balanced over a pulley. — 
G. Method of working these b; anJinal power. — 6.' The rope ia Qua 
cue hoUDces itself. — 7. The liftjng pomp. — S. Double lifting pnmp 
worked by animal power. — 9. Various farms of Talvea. — 10. Clack 
valves.— 11. Conical spindle TalTes.— 12. Ball valTeB,~13. The 
Kuction pump. — 14. Anolyus of its action. — IS. Forcing pump. — 
16. Same with air Teasel. — 17. Same with solid plunger. — 18. 
Donble action forcing pump. — 19. Qarden watering pumps. — 20. 
Fire-engine. — 21. Chain pump. — 22, Drainage of mines. 

1 . Aa water is one of the most uniTersal necessaries of life, and 
abnndaiit as it ia in nature, is cot always found in the localities 
where circumatancea oblige ua to £x our habitation^, expedienta 
by which it can be obtomcd in. sufficient qtuuititj, and of the 
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necessary purity, have been among the earliest meclianical and 
physical inventions in every country. Natural springs showed 
that sources of water existed in the lower strata of the earth. 
This suggested the process of well-sinking or boring for water. 
But the water when thus found rarely rises to the surface spon- 
taneously. It does so in those deep springs called artesian 
wells; but in all ordinary cases where a shaft has been sunk 
deep enough to find water, the water collects in the bottom 
of the shaft, and never rises above a certain level. Expedients 
are therefore necessary in all such cases to raise it to the 
surface. 

2. The first and rudest of these contrivances, is to let down a 
bucket by means of a rope, and thus to draw up one bucket-full 
after another. The rope by which the bucket is elevated, when 
the well is not very deep, is sometimes attached to the long arm 
of a lever (fig. 1) the shorter arm being pulled down when 
the bucket is drawn up full. This is perhaps the rudest and 

Fig. 1. 




most ioartificial of all contrivances for the elevation of the 
water. A pulley established over the mouth of the well is one 
degree more efficient. 

The bucket being let down and dipped in the water, is drawn 
up by pulling the rope. 

In this case the labour is expended not only in raising the 
weight of the water and of the bucket which contains it, but also 
that of the rope, which, if the well be deep, is not inconsiderable. 
Besides this a certain force must be exerted to bend the rope con- 
tinually over the groove of the pulley, and to overcome the 
friction of the pulley itseK in moving upon its axle. 

3. A windlass established over the mouth of the well (fig. 2) is 
one degree, and only one degree, more efficient than these rude 
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expedients. In this case tbe bucket is raised by taming the 

wiach o£ the windlass, so that the rope is gradaaUy wound npcrii 

its axle. The power has rig. j. 

still to raise the weight of 

the rope, to produce its 

flexure on flie axle, and to 

OTeroome the fiiotion of i 

the axle of the windlass in 

its bearings. 

In the contrivance of 
meohanioal agents, the first 
object is always to renu 
as mnoh as possible all 
sources by which the moving power is absorbed upon iiwiii 1 1 
objects. In the present case the only useful exertion at Sie 
moving force is that which is engaged in raising tite water. 
The useless parts of the force expended, are, ^rat, that 
absorbed by the weight of the bucket ; secondly, that abanlMd 
by the weight of the rope; thirdly, that absorbed in beaf^ 
the rope over the groore of the pulley, or the curvature of tte 
axle ; fourthly, that which is expended on tlie Motion <X the 
axle in its bearings ; Jifthly, that wMA is expended ii 
the bucket aside when it has been elevated, and di 
the water from it into the vessel or reservoir destined to w 
it ; and, tixthly, that which is expended in letting dowa Ak 
bucket into the well to be refilled. 

Now when all these sources of waste of power are oouHidored 
and estimated, and their aggregate amount determined, it will be 
apparent t^t they greally ezoeed the 
force expended upon the mere elevation ^' 

of the water. 

4. A part of the loss of power arising 
trom these causes is sometimes removed 
by the simple expedient of attaching two 
buckets to the extremities of the rope 
which passes over the pulley (fig. 3) 
established above the well. By these 
means, whUe the fiill bucket is drawn up 
the empty one descends, and by its weight 
and Uiat of the rope which descends with 
it, the weight of the fuU bucket and the 
rope which ascends with it is 1 ' 
that the power has only to act against tiie ^ 
weight of the water, tiae friction and the •' 
resistanoetoflexuie presented bytherope. 
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S, *nimnl power vuLj he applied to this metkod of raising 
wateibf Boch an anangement asia representedin fig, 4. This is 




the method generally used in France by the market gardeners, in 
tlte etmrons of large towns, to raise wat^r far irrigation. Two 
pulleys are established side by side, over the well, at saoh a dis- 
tance asunder that two buckets or barreb suspended from them 
may pass each otter aa ose ascends and the otiier descends, with- 
oat mntnel collision or obstniotion. The rope anpportdng one 
bucket, after passing over one of these pulleys, is carried two or 
three times round a large vertical drum erected near the well, 
and llien passing over the other pulley is let down into the well 
with tlie other bucket attached to it. 

The semicircular handles to which the rope is attached, are con- 
nected witJi the barrels, not at the edge of the mouth, but at two 
points in tbeir sides, a little above their middle point, so tiiat when 
filled they will maintain themselves steadily in the vertical position, 
bat when empty they will eamly be turned upon their sides by mere 
contact with the sur&ce of the water so as to fill themselves, when 
let down empty. 

A horse or ox yoked to a lever of considerable length, projecting 
from the vertical shaft, turns it, and with it the drum, and con- 
tinues to go round in file same direction, until one barrel is raised to 
the mout£ of the well and tiie other is plnnged in the water below 
and filled, tlie contents of this barrel being discharged into a reser- 
voir or vessel destined to receive it. The ""'"lal is then yoked 
in the other direction, and again travels round until the otlter 
barrel is raised, and that which was just discharged let down. 

6. It is evident that in liiis and all similar arrangements the 
weight of the rope on the whole balances itself ; for althougli it 
preponderates against the power when the full barrel b^ina to 
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ssoend, the aaoendii^ port of the rope being then longer tlian the 
deMendisg, this preponderance gradually decreases until the 
aaoending meets the descending barrel. At this point, the ascend- 
ing and descending parts of the rope being eqnal, balance each 
other, and after this the descending part, preponderating, aids the 
power JQst as much as the aaoending part previonsly opposed it. 
There is, therefore, so far aa relatea to the weight of the rope, a 
perfect compensation. 

The same apparatus is much osed in France, in raising stoUe 
through TortiaBl ahafta from subterranean quarries, and other 
mining operations. 

7. If, inst«ad of a rope and bucket, a pipe or tube be let down 
into the well, and in this pipe a piston be provided, having a valve 
in it opening upwards, this piston being worked in the usual 
manner upwards and downwards, the wat«T would be lifted in the 
pipe. Su«h an apparatus is called a lifting-pump, and is repie- 
aent«d in fig. S : w is tile water, e ij the piston, n the valve in it 
which opens upwards. When the pbton is moved downwards, 
this valve opens, and the water passes 

through it, When the piston is moved ™" ' 

upwards, the column of water is pushed 
up, and the valve is kept closed by the 
pressure of the water upon it. A valve 
X is placed at c s in a fixed position, 
through which the column of water 
passes when the piston rises, and which 
prevents the return of suoh water down- ^ 
wards, the valve being kept closed by 
the weight of the water above it. The i^l^l 
column of water driven upwards by the 
piston is pushed to any required height, 
through the pipe x F. In suoh an ap- 
paratus, the moving power must be equal 
to the weight of the wat«r raised, i 
together witi the weight of the pump-rod . 
and frame by whioh the piston is worked, 
as welt aa the Iriction of the moving | 

8. A very ingenious form of pump which, though differing 
altogether in appearance from the lifting pump, acts nevertheless 
upon precisely the same principle, is shown in fig. 6. It has tha 
advantage of being nearly free from friction, and of being capable 
of being woriced by the weight of an animal walking up an inclined 
plane, which is the most advantageous manner in whioh animal 
power can be qiplied. 




COMMON THINGS — P0MP8. 

Let D be a woodei tube of any shape, round or Bqnare, 
whiofa. descenda to a depth in the well or reEterToir equal to the 
_^ height above the anrface of the reservoir to which 

the water is required to be raiaed. Thus if d o be 
the height to which the watw ia to be raised above 
the level of Hie well, tiien the depth o c must be at 
least equal to s o. L u is a heavy beam or plunger, 
suspended from a chain, and capable of descending 
by its own weight ia water, and passing water- 
tight through the collar F E. A valve, o, covers an 
' opening placed at the bottom of Qie tube. By the 
"^ hydrostatic pressure the water will enter the valve v, 
and fill the barrel to the level o o of the water 
a the cistern, o I is a short tube proceeding &om 
the side of the barrel, at the surface of the water, 
and conununicatiiig with the vertical tube e n by a 
valve I, which opens upwards, s is the spout of 
diachai^, The plunger l u hangs loosely in the tube, 
so that it moves upwards and downwards perfcctlyfree 
from friction, except that of the colliir fe, where it is 
properly lubricated. When this plunger ia allowed to 
deaoend by its weight into the water which fills the 
lower part of the tube, the valve v is closed, and the 
water displaced by the plunger is forced through the 
valve I into the tube b n. When the plunger is raised 
the valve i is dosed, and the water thus forced into 
the tube £ nr cannot return. The water from the 
cistern then flows through the valve c, and rises in the tube to the 
level e. The next descent of the piston propels more water into the 
tnbe E a, and this is continued so long as the piston ia worked. 

The manner in which such an apparatus is worked by the weight 
of a man, or any animal, is represented in fig, 7, p. 183. Two 
pnnqis are used, such as that just described, and when the plunger 
descends in one it rises in the other. The two pmnps communicate 
with one vertioal pipe, which therefore, receives a continual supply 
of water ; for whUe the action of one pump is suspended tiie oth^ 
is in progress, A man walls from one end of an inclined plane 
to the other, and by his weight upon one side or the other of the 
fiilcrum canseB the plungers alternately to rise and fall. 

9. Valves are of such constant use in all forms of pump, that it 
will be useful here briefly to explain their principal varieties. 

A valve in general is a contrivance by which water or other 
finid flowing through a tube or aperture is allowed free passage 
in one directbn, but is stopped in the other. Its struoture 
is such, that whUe the pressure of th^ fluid on one aide has a 
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tendency to dose it, the pressure on the other side^has a tendency 
to open it. 

As in all forms of pump the water is required to be moved upwards, 
all the valves necessarily open upwards and dose downwards. 

Fig. 7. 




Fig. 8. 




There are several varieties of form. 

10. The clack valve is like the lid of a box (fig. 8). It opens 
upwards, playing upon a hinge, and when 
the water presses it downwards it is closed. 

The single clack valve is the most simple 
example of the class. It is usually constructed 
by attaching to a plate of metal larger 
than the aperture which the valve is intended to stop, a piece 
of leather, and to the imder side of this leather another piece of 
metal smaller than the aperture. The leather extending on one 
side beyond the larger metallic plate, and being flexible, forms 
the hinge on which the valve plays. Such a valve is usually 
closed by its own weight, and opened by the pressure of the fluid 
which passes throtlgh it. It is also hdd closed more flrmly by 
the pressure of the fluid whose return it is intended to obstruct. 

The extent to which such a valve should be capable of pig. 9. 
opening, ought to be such that the aperture produced by ~ 
it shall be equal to the aperture which it stops. This will 
be eflected if the angle through which it rises be about 30**. 

A double clack consists of two semicircular plates, 
having the hinges on the diameters of the semi- 
oirdes, as represented in fig. 9. 
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Of the toItcs which are opened bj a motion perpendionlar to 
their seat, Gte most simple is a flat metoUic plate, made la^;et 
than tiie orifice wbicli it is Intended to stop, and gronad so as to 
rest in water-tight contact witli the sar&oe soiroundiiig the 
aperture. Buch a tbItb is nanally guided in its perpendicular 
motion by a spindle pasHiiLg through its oentre, and sliding in holes 
made in cross bars extending above and below the seat of the 

11. The conical valfes, usnally called spindle-valTea (fig, 
10), are the most common of this class. The best angle to 

be given to the oonioal seat is found in 
prootioe to be 45°. With a less inclinaticn 
the valve has a tendency to be fastened in 
its seat, and a greater indinatitm would 
cause the top of Uie valve to oooupy unne- 
cessary space in ^e valve-box. The area, or tranBverse section 
of the valTc-boz, should be rather more than double the magni- 
tude of the upper surface of the valve, and the play of tie valve 
should be such as to allow it to rise itom. its seat to a height not 
less than one-fourth of the diameter of its upper surface. 

12. The valves coming nnder this class are sometimes formed as 

spheres oi hemispheres [fig. II) resting in s 
~ conical seat, and in such cases they are 
generally closed by their own weight, and 
opened by the pressure of the fluid wbich passes 
I through them. 

13. The several expediento already described 
'ore, however, greatly surpassed in convenience 
by the form of pump almost universally used 
'n domestic and general economy, and known as 
the sucking or suction pump. 
A section of this useful apparatus is shown in fig. 12, p. 169, 
It consbts of a pipe or barrel, s o, which descends into the 
well, and the length of whioh must not exceed 32 feet. Attached 
to the top of this pipe, which is called the suction-pipe, is a lai^ 
syringe, acting precisely on the principle of a common exhausting 
syringe. 

At tlie commencement of tlic operation, the pipe s e is filled with 
air to the level of the water in the well. The operation of the 
syringe draws the chief part of the air out of this pipe s e. When 
the water witliin the pipe is partially relieved from the otmo^theric 
pressure, the weight of the atmosphere, acting upon the external 
surface of the water in the well, forces it up in the pipe 8 E ; and 
according as the air is withdrawn by the syringe, the water oon- 
tdnnes to rise, until it passes through the valve x. This valv* 
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openiogiipwaida,pteventaitsretnni, sinoe the wei^t of the column 
above it irill keep it closed. When the barrel a c beoomea filled 
witli water, tiie syringe do longer acts aa ' Fig is. 

6uch, but works on the principle of Uie 

lifting pomp, already explained. Wten ^|_ 

the piston dcBcends, the thItc x is dosed i — I - 
and the valve v opened, the water passing |^^E3 | m 
tbrough tike piston. When the piston ia 
raised, die valve e ia eloaed, and tlie colonin 
of water above the piston ia projected 
upwards. 

HeanwMle the preasore of the atmo- 
aphere on the water in the well causes more 
vator to rise in tlie pump-barrel ibllowing 
the piston. 

The atmospherio pressure ia capable of 
euj^wrting a column of about 34 feet of 
water.* Itiaevident, therefore, that such a 
pump as is here described oan only be efficient 
when the piston is at a height of leas than 
34 feet above the surface of the water in 
the well, sinoe otherwise the atmospheric 
pressure would not keep the water in 
conlAct with the jiiston. 

The suction-pump, therefore, aa com- 
pared with the lifting-pump, saves 34 feet 
length of pump rod; but otherwise there 
is no comparative mechanicsl advantage. 

It might appear at first view that the pressure of the atmosphere 
austaining a column of water in. the suction-p^, supplies aid to 
the power that works the pump, and spares an equivalent amount 
of that power. 

This, however, is not the case, as will appear from a due 
consideration of all the forces which are in operation. 

14. Of these forcea there are some whioh are directed down- 
wards from the top of the column raised by the piston towards the 
bottom of the well, and others which are directed upwards. Now 
it is evident that the meohanical power applied to draw the piston 
up wiU have to overcome all that excesa by whioh the forces 
downwards ezoeed the ibrces npwarda. Let us suppose a column 
of water resting on the piston, after having passed through 
the valve c. The upper surface of this column is pressed upon by 
the weight of the atmosphere ; the piston has, therefore, thia 

■ See Tract on Barometer (10). 
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weight to sustain. It has also to sustain the weight of the water 
which is above it. The atmospheric pressure acting also on the water 
in the well, is transinitted by the water to the bottom of the piston ; 
but this effect is diminished by the weight of the column of water 
between the surface of the water in the well and the bottom of the 
piston, for the atmospheric pressure must, in the £rst place, 
sustain that column, and can only act upon the bottom of the 
piston in the upward direction with that amount of force by which 
it exceeds the weight of the colunm of water between the piston 
and the weU. The effect, therefore, on the piston is the same as 
if it were pressed downwards by the weight of the column of 
water between the piston and the well, and at the same time 
pressed upwards by the atmospheric pressure. Thus the piston 
may, in fact, be regarded as being urged downwards by the 
following forces, — ^the atmospheric pressure, the weight of the 
water above the piston, and tiie weight of the water between the 
piston and the well ; that is to say, in fact, by the atmospheric 
pressure, together with the weight of all the water which has been 
Taised from the well. At the same time, it is pressed upwards by 
the atmospheric pressure transmitted from the surface of the wat^ 
in the w^. This upward pressure will destroy the effect of the 
«ame atmospheric pressure acting downwards on the surface of 
the water aboye the piston, and the effective downward force will 
l>e the weight of all the water which is contained in the pump. 

By this reasoning, it appears that the pump must be worked 
with as much force as is equal to the weight of all the water 
which is in it at any time, and, therefore, that the atmospheric 
pressure affords no aid to the working power. 

Since the action of the pump in raising water is subject to inter- 
mission, the stream discharged from the spout will necessarily flow 
by fits and irregularly, if some means be not adopted to prevent this. 
At the top of the pump a cistern may be constructed, as shown in 
:flg. 12, with a view to remove this inconvenience. If the pump be 
worked, in the flrst instance, so as to raise more water in a given 
time than is discharged at the spout, the column of water will 
necessarily accxmiulate in the barrel of the pump aboye the spout. 
The cistern u n will, therefore, be filled, and this will continue 
until the elevation of the surface of the water in the cistern above 
the spout will produce such a pressure, that the velocity of 
•discharge from the spout will be equal to the velocity with which 
the water is raised by the piston. The level of the water in the 
oistem will therefore cease to rise. This level, however, will be 
subject to a small variation as the piston rises; for while the 
piston is descending, the water is flowing from the spout, and no 
water is raised by the piston, consequen^y the level of the water 
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in tiie oirtern faUs. 'When die pirton rises, water is raised, and 
the qoantitj in the oigtem is increoaed foster than it flows from 
the spout, oouseqaently the level of the water in the cistern rises, 
and thus this level alternately rises and &11b with the piston. 
But if the magnitude of the oistem be much greater tbim the 
section of the pnmp-bairel, then tiiis Tariatiim in the snr&ce wUl 
be propoition^y small, foi the quantify of water whioh fills a 
part of the barrel, equal to the play of the piston, will produce 
a very slight change in the soibce of the water in the cistern. 
The flow, therefore, from the spout will be uniform, or nearly so. 
The action of this sort of pump will be rendered still more easily 
intelligible by fig. 13, whii^ represents the working model of a 




suction-pnmp nsnaUy provided for demonstrations in popnlor 
lectures. The pump-handle h h* raises and lowers the piston 
rod a. The pnmp-bairel is formed of glasst so as to show tho 
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piston witliiii it, having a. tbIto opening upwards. The other 
parts of the apparatus are marked witli letters ooiresponding with 
those of fig. 12. 

15. Another farm of pnmp, oaJled the forcing'pnmp, is attended 
Trith manj advantagca, and is extensively used. This instnunent 

is represented in fig. 14. The snction- 
'' pipe c E is similar to the suotion-pnmp. 

The piston c <I is a solid ping mthont 

The forcing-pipe Q H has at its base 
e f B. valve t' which opens npwards. 
'Wlien the piston c dia raised, the valve 
V is opened, and the water rises &om 
the suction-pipe into the pump-barrel. 
When Uie piston c d is pressed down- 
wards, the valve T is closed, and the 
water b forced by the pressure of the 
pistonthrough the valve v'into the foroe- 
pipe, and Ihus while the operation is 
continued, at each upward motion of the 
piston, water b drawn from the snction- 
pipe into the pump-bsjrel, and at each 
.downward motion it is farced firom the pump-barrel into the force- 
pipe. 

16. In order t« prodnoe a continued flow of wat«r in the force- 
pipe, an air-vessel b often attached to foree-pumps. Such an ap^ 
pendage is represented in fig. 15. 

_. When the piston desoends, the water 

ia driven through the valve V into the 
vessel which is closed and contains air. 
The force-pipe a u descends into this vessel, 
and temmiates near the bottom. The 
water which is forced in rises in it to a 
certain level, ui to', the air above it being 
> compressed. The return of the water 
through the valve t" being stepped, it is 
subject to the elastic pressure of the air 
confined in the air-vessel u s. This pres- 
sure forces the wat«r throng the tube H a 
tram the t«p of which it issues in a con- 
stant stream. 

Theforoing-pnmp with its air-vessel, as oonstTuoted for demon- 
stration at popular leotnres, b shown in fig. 16, p. 189, where all 
the parts are indicated by the same letters as in dgs. 14 and 15, 
The water which flows in a oontinnal stream from the foroe- 
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pipe a returns hj Qie pipe f to the 
again raised by the pump. 




IT. In the foioe-pump, where the water acts upon the piston 
with a great piesenre, it is very important that the pbton ^uld 
move in complete water-tight ooutaot with the pnmp-bairel. This 
is best accomplished by an accurately ibrmed metallic plunger, p, 
fig. 17, working Uirough a collar of leather, A s, which is exactly 
fitted to it, and with which it is made air-tight and water-tight, 
by being lubricated with oil or tallow. Whenthisplm^r is raised, 
the space it deserts is filled by the water which rises through the 
valve V, and when it descend, the wat«r which Med the space 
into which it advances, is driven before it through the valve v 
into the foree-pipe. 

IS. If the fbroing-pump, represented in &g. 16, be attentively 
considered, it will be perceived that the principles on which the 
piston acts, in its ascent and descent, are perfectly distinct. In 
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its ascent it is employed in drawing the vater from tlie aoction- 
pipe into tiio pomp-bairel, and in its descent it is employed in 
p. . forcing that water from the pomp-barrel 

into the foroe-pipe. Now the piston being 
solid, and not fumiahedwith any yolve, 
there is no reason why its upper surface 
Hhonld not be employed in raising or pro- 
pelling water as well as the lower. WMIe 
the lower surface ia employed in drawing 
water from the suotion-pipe, the upper 
BUT&ce might be employed in propeUug 
water into the force-pipe ; and, on the 
other hand, in the descent of the piston, 
when the lower Burfaoo is employed in 
propelling water into the force-pipe, tlie 
upper surface might be engaged in draw- 
ing water from the suotion-pipe. To 
aooompliBh this, it ia only neocBBaiy that 
the top of the cylinder should be dosed, 
and that l^e piston-rod should play 
through an air-tight collar, the top of 
the cylinder ctnnmunioating with the foroe-pipe and the suotion- 
pipe, as well as the bottom. 

Such an arrangement is represented in fig. 18. When the 
piston ascends, the suotion-TalTe v is opened, and water is drawn 
into the pomp-barrel below the piston; 
and when the pist«n descends, the suctiim- 
Talve r is dosed, and the pressure of the 
piston on the wat«r below it opens the 
tbIto c, and propels the water into the 
ibroe-pipe c a. Also, while the pist<m ia 
descending, water rises through the suo- 
tion-Talve B into the barrd aboTe &e 
piston ; and when the piston ascends, the 
water being pressed upwards keeps the 
valve £ closed, and opens the valre s, and 
is thus propelled into the force-pipe. By 
this arrangement the force-pipe receiyes a 
continual supply of water from the pump- 
barrel without any intermission; and in 
like manner the pump-barrel receives an 
unremitting flow from tie suction-pipe. 
This will be distinctly seen, if it is con- 
sidered that either of the two valves e 
IT p must always be open. If the piston go down £ is open and ¥ 
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closed ; if it go up E is olosed and 7 open. A stream, tiierefore, 
oOntinQallf flows UiToagh one Talve or the otiier into the pump- 
banel. In like manner, whether the piaton ascend or defend, 
one of the valves, catD, most be open. 

19. The simple pumps used for watering gardens are shown in 
fig. 19, at the head of this tract, a single or double-aotjon forces 
pomp projeoting a jet of wat«r over the groond to be inigatod. 

20. The fire-engine ia a double foroing-pmup, each barrel of 
which acts upon the principle explained above. 

A section of such an engine, in its most usual foim, is represented 
in fig. 20. 

The solid pistons a a are alternately forced down upon the water 
which has been drawn into the barrels upon the principles already 
explained, and the water is thus forced into the air vessel «. The 
reaction of the compreaaed air drives the wator with a. proportion- 
ate force through the force-pipe d into a long, flexible, leathern 
hose, npon the end of which a large jet-pipe ia screwed. The 
firemen carry this jet-pipe near to or into the building on fire, 
and with it tJirow up to great heights a constant stream of water, 
which, falling on the burning bodies, extiDguishes the fire. 




21. Aformof liftmg-pump called the chum pump, is oonunonly 
used to discharge the water from the hold of abipa of war and 
other vesaela of the lai^e class. This pump consists of an endless 
chain which passes over two rollers, one of which is established on 
the deck, above the level at which the water ia to be dischat^d, 
and the other at the bottom of the hold. Attached to the chain, 
and placed at right anglea with it, ore a series of aanoers, or a sort 
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of flat eircular plates, one above the other, by which the water is 
lifted. These saucers lift the water and press it up through a 
vertical pipe placed near the ascending side of the chain. The 
water, rising through this pipe, is discharged into a cistern on the 
deck, from which it flows off into the sea through a waste pipe 
oaHled Hie pump'dale. 

There are two hollow vertical barrels, or oases, through one of 
which the chain ascends, and through the other it descends. The 
chain is worked by means of a winch attached to the upper roller, 
over which it passes. This winch receives a continual motion of 
rotation, by the power of men applied to its handles, which are 
80 formed that several men can work them simultaneously. 

In large vessels these pumps axe constructed upon a scale suffi- 
cient to enable them to raise a ton of water, or about 250 gallons 
per minute. 

22. The purpose to which pumps are applied on the most vast 
scale is in the drainage of mines. In that case the power required 
far exceeds the limit to which animal power is practically available, 
and even steam-power, by which such pumps are worked, requires 
to be applied on a scale far exceeding every other form in which 
it has been applied in the industrial arts. 
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